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Appendix G

Process Flow Diagrams

Note: Larger format (11” x 17”) versions of these Process Flow Diagrams are available upon request from
rwooley@nrel.gov.



C O M P O N E N T U N ITS 1 0 1

Total Flow kg / hr 1 5 9 ,9 4 8

Inso lub le So lid s % 5 2 .1 %

Solub le So lid s % 0 .0 %

Temp erature C 2 0

Pressure atm 1 .0 0

V apor  Fractio n 0 .0 0

Ethano l kg / hr

W ater kg / hr 7 6 ,6 1 5

G lucose (SS) kg / hr

X ylo se (SS) kg / hr

A rab inose (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G lucose O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr

(NH4)2SO4 (SS) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 5

A cetic A cid kg / hr

Sulfuric A cid kg / hr

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr

C ellulo se (IS) kg / hr 3 5 ,5 5 6

X ylan (IS) kg / hr 1 5 ,8 7 9

A rab inan (IS) kg / hr 6 5 8

O ther Sug ar Polymers (IS) kg / hr 3 ,4 7 4

C ellulase (IS) kg / hr

B iomass (IS) kg / hr

Zymo (IS) kg / hr

Lig nin (IS ) kg / hr 2 3 ,0 6 8

G ypsum (IS ) kg / hr

C a(OH)2 (IS) kg / hr

O thers (Inso lub le So lids) kg / hr 4 ,6 7 4

Enthalp y Flow (millions) Kcal/ hr - 4 5 5 .2

A verag e D ensity g / ml 1 .2 1 7 R9906A.xls

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

C - 1 0 1 Ho p p er F eed er 3 1 V IB R A TIN G - F E E D E R C S

C - 1 0 2 Transfer B elt C o nveyo r 1 0 B E LT C S

C - 1 0 3 R ad ial Stacker C o nveyo r 1 0 B E LT C S

C - 1 0 4 R eclaim Ho p p er F eed er 2 0 V IB R A TIN G - F E E D E R C S

C - 1 0 5 R eclaim Ho p p er C o nveyo r 1 0 B E LT C S

C - 1 0 6 C hip  W asher F eed er 4 0 V IB R A TIN G - F E E D E R C S

C - 1 0 7 Scalp er Screen F eed er 2 0 B E LT C S

C - 1 0 8 Pretreatment F eed er 1 0 B E LT C S

M - 1 0 1 Hydraulic Truck D ump  w ith Scale 3 1 T R U C K- S C A LE C S

M - 1 0 3 F r o nt End Lo ad ers 2 0 LO A D E R

M - 1 0 4 D isk R efiner System 1 0 M IS C E LLA N E O U S S S 3 1 6

S - 1 0 1 M ag netic S ep arato r 1 0 M A G N E T

S - 1 0 2 Scalp er Screener 2 0 S C R E E N C S

S - 1 0 3 C hip  T hickness Screen 1 0 S C R E E N C S

T - 1 0 1 D ump Hopper 3 1 V E R T IC A L- V E S S E L C S

T - 1 0 2 R eclaim Ho p p er 2 0 V E R T IC A L- V E S S E L C S

T - 1 0 3 W ashing / R efining  S urg e B in 4 0 V E R T IC A L- V E S S E L C S

W - 1 0 1 C hip  W asher System 4 0 M IS C E LLA N E O U S S S 3 0 4 ;S S 3 1 6

Heat Stream N o . M M  kcal/ hr W ork Stream No . kW

  W C 1 0 1 2 .9 8

W C 1 0 2 1 1 .1 9

W C 1 0 3 2 2 .3 7

W C 1 0 4 2 .9 8

W C 1 0 5 3 7 .2 9

W C 1 0 6 0 .7 5

W C 1 0 7 1 1 .1 8

W C 1 0 8 2 7 .9 6

W M 1 0 1 6 .2 2

W M 1 0 4 3 9 1 .5 0

W S 1 0 1 0 .0 0

W S 1 0 2 2 9 .8 3

W S 1 0 3 2 9 .8 3

W W 1 0 1 1 4 9 .1 0



Eq. No . Equipment Name R eq . Spare Equipment Type M at C o nst.

A - 2 0 1 In- line Sulfuric A cid  M ixer 1 0 STATIC SS304

C - 2 0 1 Hyd rolyzate Screw C o nveyo r 1 0 SCREW SS316

H-201 B eer C o lumn F eed Eco nomizer 2 1 SHELL- T U B E 304SS

M - 2 0 2 Prehydro lysis/Screw Feeder/ Imp regnator Reactor 1 0 SCREW HA STELLOY - C  2 0 0 ;SS316L

P-201 Sulfuric A cid  Pump 1 1 C E N T R IF U G A L SS304

T-201 Sulfuric A cid Storage 1 0 V E R T IC A L-VESSEL PLASTIC

T-203 B lowdown Tank 1 0 V E R T IC A L-VESSEL SS316

R9906A.xls

Heat Stream No . M M  kcal/ hr W ork Stream No . kW

Q H201 -22 .06 W C 2 0 1 36 .9 6

W M 202 863 .08

W P201 0 .39

C O M P O N E N T U N ITS 1 0 1 2 1 1 2 1 2 2 1 4 2 1 5 2 1 6 2 1 7 2 1 8 2 2 0 2 3 3 2 3 5 5 0 1 5 0 2 5 2 0 7 1 0

Total F lo w kg / hr 1 5 9 ,9 4 8 4 7 ,6 3 7 9 2 1 4 8 ,5 5 9 1 6 ,9 6 0 4 4 ,5 9 6 2 7 0 ,0 6 3 4 5 ,1 3 4 2 2 4 ,9 2 8 3 0 4 6 4 1 3 8 0 ,2 0 9 3 8 0 ,2 0 9 4 5 ,1 3 4 1 ,8 6 7

Inso lub le S o lid s % 5 2 .1 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 2 1 .8 % 0 .0 % 2 6 .1 % 0 .0 % 0 .0 % 8 .3 % 8 .3 % 0 .0 % 0 .0 %

S o lub le S o lid s % 0 .0 % 0 .3 % 0 .0 % 0 .3 % 0 .0 % 0 .0 % 7 .9 % 0 .1 % 9 .4 % 0 .0 % 0 .0 % 2 .9 % 2 .9 % 0 .1 % 0 .0 %

Temp erature C 2 0 7 4 2 0 7 4 1 6 4 2 6 8 1 9 0 1 0 1 1 0 1 2 0 2 0 9 5 3 0 1 0 0 2 0

Pressure atm 1 .0 0 3 .0 0 3 .4 0 4 .0 0 4 .4 2 1 3 .0 0 1 2 .2 0 1 .0 0 1 .0 0 3 .4 0 3 .4 0 4 .0 0 0 .9 0 1 .0 0 1 .0 0

V apor  F ractio n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 7 0 .0 0

Ethano l kg / hr 3 8 3 8 3 8 2 9 9 1 8 ,7 0 1 1 8 ,7 0 1 2 9

W ater kg / hr 7 6 ,6 1 5 4 7 ,0 9 2 4 7 ,0 9 2 1 6 ,9 6 0 4 4 ,5 9 6 1 8 3 ,3 8 4 4 3 ,8 2 2 1 3 9 ,5 6 2 3 0 8 ,2 0 5 3 0 8 ,2 0 5 4 3 ,8 2 2

G luco se (SS) kg / hr 2 ,5 6 8 2 ,5 6 8 2 1 9 2 1 9

X ylose (SS) kg / hr 0 0 1 3 ,5 3 3 0 1 3 ,5 3 3 7 2 1 7 2 1 0

A rab ino se (SS) kg / hr 0 0 5 6 1 0 5 6 1 5 6 9 5 6 9 0

O ther Sug ars (SS) kg / hr 2 ,8 9 5 2 ,8 9 5 2 ,9 3 6 2 ,9 3 6

C ello b io se (SS) kg / hr 2 6 3 2 6 3 3 8 3 3 8 3

G luco se O lig o mers (SS) kg / hr 4 2 3 4 2 3 3 ,0 2 1 3 ,0 2 1

X ylose O lig o mers (SS) kg / hr 0 0 8 2 7 0 8 2 7 1 ,0 0 6 1 ,0 0 6 0

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 3 0 1 3 0 1 3 0 3 1 9 9 2 ,3 2 7 2 ,3 2 7 3 1

(NH4)2SO4  (SS ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 5 2 5 2 5 2 9 2 9

A cetic A cid kg / hr 2 0 5 2 0 5 4 ,0 7 1 2 6 5 3 ,8 0 6 2 ,5 4 5 2 ,5 4 5 2 6 5

Sulfuric A cid kg / hr 0 9 2 1 9 2 1 9 2 1 0 9 2 1 3 0 4 6 4 1 2 9 5 2 9 5 0 1 ,8 6 7

F urfural kg / hr 1 1 7 1 1 7 1 ,2 0 3 7 3 6 4 6 6 1 ,0 1 0 1 ,0 1 0 7 3 6

HM F kg / hr 3 9 3 9 4 0 5 2 4 8 1 5 7 3 4 0 3 4 0 2 4 8

C arb o n D io xid e kg / hr 4 8 7 4 8 7

M ethane kg / hr

O xyg en kg / hr 0 0

N itro g en kg / hr 0 0

A mmo nia kg / hr 0 0 0 0 0 1 2 1 2 0

N H4 O H kg / hr

O thers kg / hr 1 5 1 5 1 5 3 1 2 5 ,7 8 7 5 ,7 8 7 3

C ellulose (IS ) kg / hr 3 5 ,5 5 6 3 2 ,7 4 7 3 2 ,7 4 7 3 ,6 3 1 3 ,6 3 1

X ylan (IS) kg / hr 1 5 ,8 7 9 7 9 4 7 9 4 7 9 4 7 9 4

A rab inan (IS) kg / hr 6 5 8 3 3 3 3 3 3 3 3

O ther Sug ar Polymers (IS) kg / hr 3 ,4 7 4 1 7 4 1 7 4 1 6 4 1 6 4

C ellulase (IS) kg / hr 6 2 4 6 2 4

B iomass (IS ) kg / hr 2 4 5 2 4 5

Zymo ( IS ) kg / hr 1 ,0 6 1 1 ,0 6 1

Lig nin (IS) kg / hr 2 3 ,0 6 8 2 3 ,0 6 8 2 3 ,0 6 8 2 3 ,0 6 8 2 3 ,0 6 8

G ypsum (IS ) kg / hr 8 8

C a(O H)2  ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 4 ,6 7 4 1 ,9 8 6 1 ,9 8 6 1 ,9 8 6 1 ,9 8 6

Enthalp y  F low (millions) Kcal/ hr - 4 5 5 .2 - 1 7 7 .2 - 1 .8 - 1 7 9 .0 - 5 3 .3 - 1 3 8 .0 - 8 2 5 .4 - 1 4 0 .1 - 6 8 5 .3 - 0 .6 - 1 .2 - 1 2 9 5 .5 - 1 3 1 7 .5 - 1 6 2 .2 - 3 .6

A verag e D ensity g / ml 1 .2 1 7 0 .9 4 5 3 .1 0 2 0 .9 5 1 0 .0 0 2 0 .0 0 5 1 .0 0 0 0 .0 0 1 1 .1 2 4 3 .1 0 2 3 .1 0 2 0 .9 7 1 0 .9 6 0 0 .0 0 9 3 .1 0 2



C O M P O N E N T U N ITS 2 1 9 2 2 0 2 2 1 2 2 5 2 3 0 2 3 2 2 4 0 2 4 2 2 4 3 2 4 4 2 4 5 2 4 6 2 4 7 2 5 0 3 0 2 3 0 3 4 0 3 4 1 0

Total F lo w kg / hr 1 3 1 ,8 9 6 2 2 4 ,9 2 8 2 0 9 ,6 5 7 1 4 7 ,1 6 7 2 1 5 ,5 7 1 3 6 2 ,7 3 8 2 0 9 ,6 5 7 1 ,1 3 9 6 5 ,8 2 8 6 6 ,9 6 7 2 9 ,8 6 2 2 1 3 ,8 4 5 9 2 ,6 4 1 3 6 2 ,7 3 8 3 0 9 ,2 4 4 3 4 ,3 6 0 9 5 7 1 8 ,1 7 6

Inso lub le S o lid s % 0 .2 % 2 6 .1 % 0 .1 % 4 0 .0 % 0 .0 % 1 6 .2 % 0 .1 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .1 % 0 .0 % 1 6 .2 % 1 6 .2 % 1 6 .2 % 1 6 .2 % 1 6 .2 %

S o lub le S o lid s % 1 .1 % 9 .4 % 7 .6 % 4 .6 % 7 .4 % 6 .3 % 7 .6 % 0 .0 % 0 .0 % 0 .0 % 0 .3 % 7 .5 % 4 .9 % 6 .3 % 6 .3 % 6 .3 % 6 .3 % 6 .3 %

Temp erature C 4 7 1 0 1 7 5 7 5 5 1 5 9 4 0 2 0 7 3 5 0 7 4 4 0 4 0 5 9 5 9 5 9 5 9 5 9

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 7 .0 0 3 .0 0 3 .0 0 3 .0 0 3 .0 0 3 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 1 8 9 1 9 8 4 3 5 2 1 9 2 4 4 3 5 2 4 4 5 0 3

W ater kg / hr 1 2 8 ,0 3 3 1 3 9 ,5 6 2 1 8 8 ,1 9 3 7 9 ,4 0 2 1 9 7 ,5 8 7 2 7 6 ,9 8 9 1 8 8 ,1 9 3 6 5 ,8 2 8 6 4 ,6 2 3 2 9 ,5 2 0 1 9 5 ,5 3 5 8 7 ,8 9 3 2 7 6 ,9 8 9 2 3 6 ,1 4 1 2 6 ,2 3 8 7 3 1 1 3 ,8 8 0

G luco se (SS) kg / hr 0 2 ,5 6 8 1 ,8 0 6 7 6 2 1 ,8 0 2 2 ,5 6 4 1 ,8 0 6 1 ,8 0 6 2 ,5 6 4 2 ,1 8 6 2 4 3 7 1 2 8

X ylose (SS) kg / hr 1 0 9 1 3 ,5 3 3 9 ,5 9 4 4 ,0 4 8 9 ,5 7 2 1 3 ,6 2 0 9 ,5 9 4 0 9 ,5 9 4 1 3 ,6 2 0 1 1 ,6 1 1 1 ,2 9 0 3 6 6 8 2

A rab ino se (SS) kg / hr 8 6 5 6 1 4 5 5 1 9 2 4 5 4 6 4 6 4 5 5 0 4 5 5 6 4 6 5 5 1 6 1 2 3 2

O ther Sug ars (SS) kg / hr 4 4 4 2 ,8 9 5 2 ,3 4 8 9 9 1 2 ,3 4 3 3 ,3 3 3 2 ,3 4 8 2 ,3 4 8 3 ,3 3 3 2 ,8 4 2 3 1 6 9 1 6 7

C ello b io se (SS) kg / hr 5 8 2 6 3 2 2 5 9 5 2 2 5 3 2 0 2 2 5 2 2 5 3 2 0 2 7 3 3 0 1 1 6

G luco se O lig o mers (SS) kg / hr 4 5 6 4 2 3 6 1 8 2 6 1 6 1 7 8 7 8 6 1 8 6 1 8 8 7 8 7 4 8 8 3 2 4 4

X ylose O lig o mers (SS) kg / hr 1 5 2 8 2 7 6 8 8 2 9 0 6 8 7 9 7 7 6 8 8 0 6 8 8 9 7 7 8 3 3 9 3 3 4 9

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 9 1 9 9 2 0 4 8 6 2 8 5 3 7 1 2 0 4 8 2 2 8 5 3 7 1 3 1 6 3 5 1 1 9

(NH4)2SO4  (SS ) kg / hr 9 1 5

N H4 A cetate (SS) kg / hr 3 ,6 0 6

O thers (Soluble Solids) kg / hr 3 2 5 2 0 8 2 0 2 8 2 0 2 0 2 8 2 4 3 0 1

A cetic A cid kg / hr 4 5 0 3 ,8 0 6 2 ,9 9 3 1 ,2 6 3 3 1 1 1 ,5 7 4 2 ,9 9 3 1 2 9 3 1 2 1 ,5 7 4 1 ,3 4 2 1 4 9 4 7 9

Sulfuric A cid kg / hr 4 5 9 2 1 6 7 9 2 8 7 2 8 7 6 7 9 0 2 8 7 2 4 4 2 7 1 1 4

F urfural kg / hr 4 6 7 4 6 6 6 5 7 2 7 7 7 2 8 1 ,0 0 5 6 5 7 7 3 7 3 0 1 ,0 0 5 8 5 7 9 5 3 5 0

HM F kg / hr 1 5 7 1 5 7 2 2 1 9 3 2 4 5 3 3 9 2 2 1 2 5 2 4 6 3 3 9 2 8 9 3 2 1 1 7

C arb o n D io xid e kg / hr 0 0 0 0 0 0 0 0 0 0 0 0

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr 1 0 0 7 3 3 7 1 ,1 3 9 0 7 3 2 0 0 0

N H4 O H kg / hr 2 ,3 4 4 2 1 9

O thers kg / hr 8 8 9 1 2 6 3 4 2 6 7 6 4 2 9 0 9 6 3 4 9 6 4 3 9 0 9 7 7 5 8 6 2 4 6

C ellulose (IS ) kg / hr 1 5 3 2 ,7 4 7 1 6 4 3 2 ,5 9 8 1 3 2 ,5 9 9 1 6 4 1 6 4 3 2 ,5 9 9 2 7 ,7 9 2 3 ,0 8 8 8 6 1 ,6 3 4

X ylan (IS) kg / hr 3 7 9 4 4 7 9 3 0 7 9 3 4 4 7 9 3 6 7 6 7 5 2 4 0

A rab inan (IS) kg / hr 0 3 3 0 3 3 0 3 3 0 0 3 3 2 8 3 0 2

O ther Sug ar Polymers (IS) kg / hr 1 1 7 4 1 1 7 4 0 1 7 4 1 1 1 7 4 1 4 8 1 6 0 9

C ellulase (IS) kg / hr 6 6 0 6 5 0 6 5 0 0 6 5 5 6 6 0 3

B iomass (IS ) kg / hr 2 6 0 2 6 0 2 6 0 0 2 6 2 2 2 0 1

Zymo ( IS ) kg / hr 1 1 2 1 1 1 1 0 1 1 1 1 1 1 1 1 9 5 1 1 0 6

Lig nin (IS) kg / hr 9 7 2 3 ,0 6 8 1 1 6 2 3 ,0 4 9 1 2 3 ,0 5 0 1 1 6 1 1 6 2 3 ,0 5 0 1 9 ,6 5 1 2 ,1 8 3 6 1 1 ,1 5 5

G ypsum (IS ) kg / hr 0 0 0 8 8 0 0 8 7 1 0 0

C a(O H)2  ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 8 1 ,9 8 6 1 0 1 ,9 8 5 0 1 ,9 8 5 1 0 1 0 1 ,9 8 5 1 ,6 9 2 1 8 8 5 9 9

Enthalp y  F low (millions) Kcal/ hr - 4 8 8 .6 - 6 8 5 .3 - 7 3 9 .4 - 4 3 4 .5 - 7 7 2 .9 - 1 2 0 7 .5 - 7 4 6 .0 - 1 .1 - 2 4 6 .3 - 2 4 4 .3 - 1 1 1 .1 - 7 6 8 .0 - 3 4 7 .3 - 1 2 0 7 .5 - 1 0 2 9 .4 - 1 1 4 .4 - 3 .2 - 6 0 .5

A verag e D ensity g / ml 0 .9 7 9 1 .1 2 4 0 .9 7 6 1 .1 9 6 0 .9 9 8 1 .0 7 8 1 .0 1 1 0 .6 1 0 0 .9 4 5 0 .9 7 8 0 .9 4 5 1 .0 1 0 0 .9 1 4 1 .0 7 8 1 .0 7 8 1 .0 7 8 1 .0 7 8 1 .0 7 8 R9906A.xls

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

A - 2 0 2 In- line N H3  M ixer 1 0 STATIC S S 3 0 4

A - 2 3 2 R eslurrying  T ank A g itato r 1 0 F IX E D - P R O P SS

C - 2 0 2 W ash So lid s Screw C o nveyo r 4 0 S C R E W S S 3 0 4

H- 2 0 0 Hydro lyzate C o o ler 1 0 SHELL-TUB E 3 0 4 S S ;C S

P - 2 2 4 F ermentatio n F eed  Pump 2 1 R O T A R Y - LO B E 3 0 4 S S

P - 2 2 5 ISEP Elution Pump 1 1 C E N T R IF U G A L S S 3 0 4

P - 2 2 6 ISEP  Relo ad  Pump 1 1 C E N T R IF U G A L S S 3 0 4

P - 2 2 7 ISEP Hydrolyzate F eed  Pump 1 1 C E N T R IF U G A L S S 3 0 4

S - 2 0 2 Pre-IX  B elt F ilter Press 8 0 B E LT-FILT E R - P R E S S S S 3 1 6

S - 2 2 1 ISEP 1 0 C O N T - IX S S 3 1 6 ;P O LY P R O P ;R E S IN - LIN E D - C S

T - 2 3 2 Slurrying  T ank 1 0 F LA T - B T M - S T O R A G E S S 3 0 4

Heat Stream N o . M M  kcal/ hr W ork Stream No . kW

Q H2 0 0 6 .6 0 W C 2 0 2 4 4 .5 9

W P 2 2 4 5 9 .0 4

W P 2 2 5 1 5 .2 1

W P 2 2 6 2 3 .1 2

W P 2 2 7 4 6 .9 4

W S 2 0 2 4 4 .6 0

W S 2 2 1 2 .2 4

W T 2 3 2 2 5 .5 5



C O M P O N E N T U N ITS 2 2 7 2 2 8 2 2 9 2 3 0 2 3 3 2 3 5 2 3 6 2 3 7 2 3 9 2 4 6

Total F lo w kg / hr 7 1 4 2 1 7 ,6 9 9 2 ,4 3 3 2 1 5 ,5 7 1 3 0 4 6 4 1 2 1 4 ,4 8 6 2 ,4 9 9 2 1 8 ,0 0 3 2 1 3 ,8 4 5

Inso lub le So lid s % 1 0 0 .0 % 0 .8 % 7 9 .9 % 0 .0 % 0 .0 % 0 .0 % 0 .1 % 0 .0 % 0 .9 % 0 .1 %

S o lub le So lid s % 0 .0 % 7 .4 % 1 .5 % 7 .4 % 0 .0 % 0 .0 % 7 .5 % 0 .0 % 7 .4 % 7 .5 %

Temp erature C 5 0 5 1 5 1 2 0 2 0 4 0 1 6 4 5 1 4 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 3 .4 0 3 .4 0 3 .0 0 4 .4 2 1 .0 0 3 .0 0

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 4 3 0 4 3 4 3 4 3 4 3

W ater kg / hr 1 9 8 ,0 3 4 4 4 7 1 9 7 ,5 8 7 1 9 5 ,5 3 5 2 ,4 9 9 1 9 8 ,0 3 4 1 9 5 ,5 3 5

G luco se (SS) kg / hr 1 ,8 0 6 4 1 ,8 0 2 1 ,8 0 6 1 ,8 0 6 1 ,8 0 6

X ylose (SS) kg / hr 9 ,5 9 4 2 2 9 ,5 7 2 9 ,5 9 4 9 ,5 9 4 9 ,5 9 4

A rab ino se (SS) kg / hr 4 5 5 1 4 5 4 4 5 5 4 5 5 4 5 5

O ther S ug ars (SS) kg / hr 2 ,3 4 8 5 2 ,3 4 3 2 ,3 4 8 2 ,3 4 8 2 ,3 4 8

C ello b io se (SS) kg / hr 2 2 5 1 2 2 5 2 2 5 2 2 5 2 2 5

G luco se O lig o mers (SS) kg / hr 6 1 8 1 6 1 7 6 1 8 6 1 8 6 1 8

X ylose O lig o mers (SS) kg / hr 6 8 8 2 6 8 7 6 8 8 6 8 8 6 8 8

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uo r (SS) kg / hr 2 8 5 1 2 8 5 2 8 5 2 8 5 2 8 5

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 0 0 2 0 2 0 2 0 2 0

A cetic A cid kg / hr 3 1 2 1 3 1 1 3 1 2 3 1 2 3 1 2

Sulfuric A cid kg / hr 3 0 4 6 4 1 6 4 1

F urfural kg / hr 7 3 0 2 7 2 8 7 3 0 7 3 0 7 3 0

HM F kg / hr 2 4 6 1 2 4 5 2 4 6 2 4 6 2 4 6

C arb o n D io xid e kg / hr 0 0 0 0 0 0

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr 6 4 3 1 6 4 2 6 4 3 6 4 3 6 4 3

C ellulose (IS) kg / hr 1 6 4 1 6 3 1 1 6 4 1 6 4 1 6 4

X ylan (IS) kg / hr 4 4 0 4 4 4

A rab inan (IS) kg / hr 0 0 0 0 0 0

O ther S ug ar Polymers (IS ) kg / hr 1 1 0 1 1 1

C ellulase (IS) kg / hr 0 0 0 0 0 0

B iomass (IS ) kg / hr 0 0 0 0 0 0

Zymo ( IS ) kg / hr 1 1 0 1 1 1

Lig nin (IS) kg / hr 1 1 6 1 1 5 1 1 1 6 1 1 6 1 1 6

G ypsum (IS ) kg / hr 1 ,1 2 5 1 ,6 5 1 8 0 1 ,6 5 9 0

C a(O H)2 ( IS ) kg / hr 7 1 4 2 3 0

O thers (Inso lub le S o lids) kg / hr 1 0 1 0 0 1 0 1 0 1 0

Enthalp y Flow (millions) Kcal/ hr - 2 .3 - 7 7 9 .4 - 7 .0 - 7 7 2 .9 - 0 .6 - 1 .2 - 7 6 9 .2 - 7 .9 - 7 7 9 .9 - 7 6 8 .0

A verag e D ensity g / ml 2 .3 4 3 1 .0 0 8 1 .9 1 2 0 .9 9 8 3 .1 0 2 3 .1 0 2 1 .0 1 1 0 .0 0 2 1 .0 0 9 1 .0 1 0 R9906A.xls

Eq. No . Equipment Name R eq . Spare Equipment Type M at C o nst.

A - 2 0 9 Overliming Tank A g itator 1 0 F IX E D - P R O P SS

A - 2 2 4 R eacid ification Tank A g itator 1 0 F IX E D - P R O P SS

A - 2 3 5 In- line A cid ificatio n M ixer 1 0 STATIC 304SS

C - 2 2 5 Lime Solid s Feeder 1 0 R O T A R Y - V A LV E A 2 8 5 C

P-209 Overlimed Hydrolyzate Pump 1 1 C E N T R IF U G A L 304SS

P-222 F iltered Hydrolyzate Pump 1 1 C E N T R IF U G A L 304SS

P-223 Lime U nload ing  B lower 1 0 C E N T R IF U G A L C .S.

P -239 R eacid ified  Liquor Pump 1 1 C E N T R IF U G A L SS304

S-222 Hyd roclo ne & R o tary D rum F ilter 1 0 R O T A R Y - D R U M E P O X Y  LINED

S-227 LimeD ust V ent B ag ho use 1 0 F A B R IC - F ILTER A 2 8 5 C ;PO LYESTER

T-209 Overliming Tank 1 0 V E R T IC A L-VESSEL SS304

T-220 Lime Storage Bin 1 0 LIV E - B T M - B IN C S

T-224 R eacid ification Tank 1 0 FLA T - B T M - S T O R A G E SS304

Heat Stream No . M M  kcal/ hr W ork Stream No . kW

QT209 38 .3 8 W C 2 2 5 0 .25

W P209 47 .3 9

W P222 47 .1 6

W P223 8 .57

W P239 31 .6 9

W S222 24 .2 9

W T209 21 .3 7

W T224 85 .6 2



C O M P O N E N T U N ITS 3 0 3 3 0 3 C 3 0 4 3 0 4 C 3 1 0 3 1 0 A 4 2 1

Total Flow kg / hr 3 4 ,3 6 0 3 4 ,3 6 0 3 7 ,9 9 7 8 7 6 8 5 8 3 3 ,9 2 2

Inso lub le So lid s % 1 6 .2 % 1 6 .2 % 1 3 .8 % 0 .0 % 0 .0 % 0 .0 % 5 .6 %

Solub le So lid s % 6 .3 % 6 .3 % 3 .8 % 0 .0 % 0 .0 % 1 0 0 .0 % 1 .7 %

Temp erature C 5 9 3 0 3 0 3 0 3 5 3 5 2 8

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .6 6

V apor  Fractio n 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 5 5 9 2 9 7 0

W ater kg / hr 2 6 ,2 3 8 2 6 ,2 3 8 2 9 ,7 1 3 1 5 3 ,5 4 9

G lucose (SS) kg / hr 2 4 3 2 4 3 6 0

X ylo se (SS) kg / hr 1 ,2 9 0 1 ,2 9 0 1 2 9

A rab inose (SS) kg / hr 6 1 6 1 6 1

O ther Sug ars (SS) kg / hr 3 1 6 3 1 6 3 1 6

C ello b iose (SS) kg / hr 3 0 3 0 3 3 3

G lucose O lig o mers (SS) kg / hr 8 3 8 3 9 6 1 3

X ylo se O lig o mers (SS) kg / hr 9 3 9 3 1 0 1 8

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 3 5 3 5 6 6 1 0 5 8 3 4 3

(NH4)2SO4 (SS) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 3 3 3 0

A cetic A cid kg / hr 1 4 9 1 4 9 1 9 8 0 1 5

Sulfuric A cid kg / hr 2 7 2 7 3 0 0 2

F urfural kg / hr 9 5 9 5 1 0 1 0 6

HM F kg / hr 3 2 3 2 3 4 0 2

C arb o n D io xid e kg / hr 0 0 4 3 8 3 8 0

M ethane kg / hr

O xyg en kg / hr 0 1 5 0

N itro g en kg / hr 0 0 0

A mmo nia kg / hr 0 0 8

N H4 O H kg / hr

O thers kg / hr 8 6 8 6 2 5 2 0 6 0

C ellulo se (IS) kg / hr 3 ,0 8 8 3 ,0 8 8 2 ,4 7 0

X ylan (IS) kg / hr 7 5 7 5 7 9 4

A rab inan (IS) kg / hr 3 3 3 0

O ther Sug ar Polymers (IS) kg / hr 1 6 1 6 1 6

C ellulase (IS) kg / hr 6 6 6 2 5 6

B iomass (IS) kg / hr 2 2 2 5 2 2

Zymo (IS) kg / hr 1 1 1 1 7 5 3

Lig nin (IS ) kg / hr 2 ,1 8 3 2 ,1 8 3 2 ,3 0 7 1 2 3

G ypsum (IS ) kg / hr 1 1 1 0

C a(OH)2 (IS) kg / hr

O thers (Inso lub le So lids) kg / hr 1 8 8 1 8 8 1 9 9 1 1

Enthalp y Flow (millions) Kcal/ hr - 1 1 4 .4 - 1 1 5 .2 - 1 2 9 .9 - 1 .8 0 .0 - 2 .2 - 1 4 .3

A verag e D ensity g / ml 1 .0 7 8 1 .1 0 2 1 .0 6 6 0 .0 0 2 0 .0 0 1 0 .9 8 4 1 .0 2 1

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

A - 3 0 1 Seed Hold Tank A g itato r 1 0 F IX E D - P R O P S S 3 0 4

A - 3 0 4 4th Seed Vessel A g itato r 2 0 F IX E D - P R O P SS

A - 3 0 5 5th Seed Vessel A g itato r 2 0 F IX E D - P R O P SS

F - 3 0 1 1st SSC F  S eed  F ermento r 2 0 V E R T IC A L-VESSEL S S 3 0 4

F - 3 0 2 2 nd  S S C F  S eed  F ermento r 2 0 V E R T IC A L-VESSEL S S 3 0 4

F - 3 0 3 3rd  SSCF  Seed  F ermento r 2 0 V E R T IC A L-VESSEL S S 3 0 4

F - 3 0 4 4th SSC F  S eed  F ermento r 2 0 F LA T - B T M - S T O R A G E S S 3 0 4

F - 3 0 5 5th SSC F  S eed  F ermento r 2 0 F LA T - B T M - S T O R A G E S S 3 0 4

H- 3 0 1 S S C F  S eed  Hyd rolyzate C o o ler 1 0 PLA T E - F R A M E S S 3 0 4

H- 3 0 4 4 T H Seed  F ermentor C o ils 1 0 IM M E R S E D - C O IL SS

H- 3 0 5 5 T H Seed  F ermentor C o ils 1 0 IM M E R S E D - C O IL SS

P - 3 0 1 S S C F  S eed Transfer Pump 1 1 R O T A R Y - LO B E S S 3 0 4

P - 3 0 2 Seed Transfer Pump 2 0 R O T A R Y - LO B E S S 3 0 4

T - 3 0 1 S S C F  S eed  Ho ld  T ank 1 0 F LA T - B T M - S T O R A G E S S 3 0 4

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q F 3 0 1 0 .1 2 W P 3 0 1 1 4 .9 6

Q H3 0 1 0 .7 9 W P 3 0 2 1 4 .9 6

W T 3 0 1 2 0 .4 1

W T 3 0 4 1 0 .2 1

W T 3 0 5 3 4 .0 2

R9906A.xls



R9906A.xls

C O M P O N E N T U N ITS 3 0 2 3 0 2 A 3 0 4 3 0 6 3 0 8 3 1 1 3 1 1 A 4 2 2 5 0 2 5 5 1

Total  Flow kg / hr 3 0 9 ,2 4 4 3 0 9 ,2 4 4 3 7 ,9 9 7 3 6 6 ,6 4 7 1 6 ,9 7 8 1 2 9 9 5 9 3 5 ,2 9 6 3 8 0 ,2 0 9 1 3 ,5 6 2

Inso lub le So lid s % 1 6 .2 % 1 6 .2 % 1 3 .8 % 8 .6 % 0 .0 % 0 .0 % 0 .0 % 5 .6 % 8 .3 % 0 .0 %

S o lub le So lid s % 6 .3 % 6 .3 % 3 .8 % 3 .1 % 0 .0 % 0 .0 % 1 0 0 .0 % 1 .7 % 2 .9 % 0 .0 %

Temp erature C 5 9 3 4 3 0 3 0 3 0 3 5 3 5 2 8 3 0 3 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .6 6 0 .9 0 0 .9 0

V ap o r  F ractio n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 4 4 4 4 9 2 9 1 8 ,3 6 5 2 6 3 2 1 8 ,7 0 1 3 3 7

W ater kg / hr 2 3 6 ,1 4 1 2 3 6 ,1 4 1 2 9 ,7 1 3 2 9 5 ,0 1 0 2 8 8 3 1 ,9 4 0 3 0 8 ,2 0 5 1 3 ,1 9 5

G luco se (SS) kg / hr 2 ,1 8 6 2 ,1 8 6 6 0 2 1 9 2 1 9

X ylo se (SS) kg / hr 1 1 ,6 1 1 1 1 ,6 1 1 1 2 9 7 2 1 7 2 1

A rab ino se (SS) kg / hr 5 5 1 5 5 1 6 1 5 6 9 5 6 9

O ther Sug ars (SS) kg / hr 2 ,8 4 2 2 ,8 4 2 3 1 6 2 ,9 3 6 2 ,9 3 6

C ello b iose (SS) kg / hr 2 7 3 2 7 3 3 3 3 8 3 2 5 3 8 3

G luco se O lig o mers (SS) kg / hr 7 4 8 7 4 8 9 6 3 ,0 2 1 1 1 9 3 ,0 2 1

X ylo se O lig o mers (SS) kg / hr 8 3 3 8 3 3 1 0 1 1 ,0 0 6 7 2 1 ,0 0 6

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 3 1 6 3 1 6 6 6 1 2 ,3 2 4 2 9 5 9 3 9 0 2 ,3 2 7 3

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 4 2 4 3 2 9 2 2 9

A cetic A cid kg / hr 1 ,3 4 2 1 ,3 4 2 1 9 8 2 ,5 4 3 1 1 3 9 2 ,5 4 5 2

Sulfuric A cid kg / hr 2 4 4 2 4 4 3 0 2 9 5 0 2 1 2 9 5 0

F urfural kg / hr 8 5 7 8 5 7 1 0 1 1 ,0 0 3 6 5 2 1 ,0 1 0 7

HM F kg / hr 2 8 9 2 8 9 3 4 3 3 8 2 1 7 3 4 0 2

C arb o n D io xid e kg / hr 0 0 4 3 4 7 1 1 6 ,2 8 1 0 4 8 7 1 6

M ethane kg / hr

O xyg en kg / hr 0 0 1 3 4 0 0 0

N itro g en kg / hr 0 0 1 1 0 0

A mmo nia kg / hr 2 2 1 1 0 1 2 9 1 2 0

N H4 O H kg / hr

O thers kg / hr 7 7 5 7 7 5 2 5 2 5 ,7 8 6 0 5 3 8 5 ,7 8 7 0

C ellulose (IS ) kg / hr 2 7 ,7 9 2 2 7 ,7 9 2 2 ,4 7 0 3 ,6 3 1 3 ,6 3 1

X ylan (IS) kg / hr 6 7 6 6 7 6 7 9 7 9 4 3 8 7 9 4

A rab inan (IS) kg / hr 2 8 2 8 3 3 3 2 3 3

O ther Sug ar Polymers (IS) kg / hr 1 4 8 1 4 8 1 6 1 6 4 1 6 4

C ellulase (IS) kg / hr 5 6 5 6 6 2 6 2 4 5 0 6 6 2 4

B iomass (IS) kg / hr 2 2 2 2 2 5 2 4 5 1 9 9 2 4 5

Zymo (IS ) kg / hr 9 5 9 5 7 5 1 ,0 6 1 2 4 1 ,0 6 1

Lig nin (IS) kg / hr 1 9 ,6 5 1 1 9 ,6 5 1 2 ,3 0 7 2 3 ,0 6 8 1 ,1 1 1 2 3 ,0 6 8

G ypsum (IS ) kg / hr 7 7 1 8 0 8

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 1 ,6 9 2 1 ,6 9 2 1 9 9 1 ,9 8 6 9 6 1 ,9 8 6

Enthalp y F low (millions) Kcal/ hr - 1 0 2 9 .4 - 1 0 3 5 .6 - 1 2 9 .9 - 1 2 6 7 .1 - 3 6 .0 - 0 .1 - 3 .6 - 1 2 8 .4 - 1 3 1 7 .5 - 5 0 .4

A verag e D ensity g / ml 1 .0 7 8 1 .0 9 9 1 .0 6 6 1 .0 3 5 0 .0 0 2 0 .0 0 1 0 .9 8 4 1 .0 2 1 0 .9 6 0 0 .9 8 3

E q . N o . E q uipment N ame R eq . S p are E q uipment Typ e M at C o nst.

A - 3 0 0 S S C F  F ermento r A g itators 3 4 0 F IX E D - P R O P S S 3 0 4

A - 3 0 6 B eer Surg e Tank A g itato r 1 0 F IX E D - P R O P S S 3 0 4

F - 3 0 0 S S C F  F ermento rs 1 7 0 F LA T - B T M - S T O R A G E S S 3 0 4

H- 3 0 0 F ermentatio n C o o ler 1 7 1 PLA T E - F R A M E S S 3 0 4

H- 3 0 2 S S C F  Hydro lyzate C o o ler 3 0 PLA T E - F R A M E S S 3 0 4

P - 3 0 0 S S C F  R ecirculatio n and Transfer Pump 1 7 1 C E N T R IF U G A L S S 3 0 4

P - 3 0 6 B eer Transfer Pump 1 1 C E N T R IF U G A L S S 3 0 4

T - 3 0 6 B eer Sto rag e Tank 1 0 F LA T - B T M - S T O R A G E S S 3 0 4

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q F 3 0 0 5 .5 1 W P 3 0 0 8 9 6 .6 2

Q H3 0 2 6 .1 9 W P 3 0 6 1 0 0 .1 8

W T 3 0 0 1 7 8 9 .0 2

  W T 3 0 6 2 .6 5

  



C O M P O N E N T U N ITS 4 0 3 4 2 3 4 3 0 4 3 2 4 3 3 4 3 4 4 3 5

Total F lo w kg / hr 9 5 7 3 0 2 ,1 4 7 2 0 ,9 2 8 2 ,5 8 0 8 2 1 ,4 8 8

Inso lub le So lid s % 1 6 .2 % 0 .0 % 0 .2 % 0 .0 % 4 .7 % 0 .0 % 0 .0 %

S o lub le So lid s % 6 .3 % 1 0 0 .0 % 1 .1 % 0 .0 % 1 .7 % 0 .0 % 0 .0 %

Temp erature C 5 9 2 8 4 7 4 0 2 8 2 8 2 8

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 1 .0 0 1 .0 0

Ethano l kg / hr 0 0 0 0

W ater kg / hr 7 3 1 2 ,0 8 4 2 ,3 8 2 5 0 1

G luco se (SS) kg / hr 7 0

X ylose (SS) kg / hr 3 6 2

A rab ino se (SS) kg / hr 2 1

O ther Sug ars (SS) kg / hr 9 7

C ello b iose (SS) kg / hr 1 1 2

G luco se O lig o mers (SS) kg / hr 2 7 1 0

X ylose O lig o mers (SS) kg / hr 3 2 5

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 3 0 3 2 8 6

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 0 0 0

A cetic A cid kg / hr 4 7 1 0 1

Sulfuric A cid kg / hr 1 1 1 0

F urfural kg / hr 3 8 3 7

HM F kg / hr 1 3 1 2

C arb o n D io xid e kg / hr 0 0 0 1 4 5

M ethane kg / hr

O xyg en kg / hr 4 ,3 9 5 0 4 ,2 9 2

N itro g en kg / hr 1 6 ,5 3 3 0 1 6 ,5 3 3

A mmo nia kg / hr 0 0 8

N H4 O H kg / hr

O thers kg / hr 2 1 4 1 7 0 0

C ellulose (IS) kg / hr 8 6 0

X ylan (IS) kg / hr 2 0 2

A rab inan (IS) kg / hr 0 0 0

O ther Sug ar Polymers (IS ) kg / hr 0 0

C ellulase (IS) kg / hr 0 1 1

B iomass (IS ) kg / hr 0 0 4 8

Zymo (IS ) kg / hr 0 2 2

Lig nin (IS) kg / hr 6 1 2 6 2

G ypsum (IS ) kg / hr 0 0 0

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lids) kg / hr 5 0 5

Enthalp y Flow (millions) Kcal/ hr - 3 .2 - 0 .1 - 8 .0 0 .1 - 9 .5 0 .0 - 1 .9

A verag e D ensity g / ml 1 .0 7 8 0 .9 9 1 0 .9 7 9 0 .0 0 1 1 .0 1 8 0 .0 0 1 0 .0 0 1 R9906A.xls

Eq. N o . Equipment N ame R eq . Spare Equipment Type M at C o nst.

F -401 1st C ellulase Seed  Fermento r 3 0 V E R T IC A L-VESSEL SS304

F -402 2nd  C ellulase Seed  F ermentor 3 0 V E R T IC A L-VESSEL SS304

F -403 3rd  Cellulase Seed  F ermentor 3 0 V E R T IC A L-VESSEL SS304

P-401 C ellulase Seed Pump 1 1 R O T A R Y - LO B E SS316

Heat Stream N o . M M  kcal/ hr W o rk Stream N o . kW

Q F 4 0 1 - 4 0 .2 1 W P 4 0 1 0 .7 5

  W T 4 0 2 - 3 3 6 4 .6 7



C O M P O N E N T U N ITS 4 1 0 4 1 1 4 1 2 A 4 1 3 4 1 4 4 1 5 4 1 6 4 1 7 4 1 9 4 2 0 4 2 1 4 2 2 4 3 2 4 3 3 4 3 6 4 4 0 4 4 1 4 4 3

Total F lo w kg / hr 1 8 ,1 7 6 2 2 ,7 8 4 4 0 ,9 6 0 3 0 1 ,9 6 6 4 0 6 1 7 4 5 8 0 2 2 7 3 0 7 ,2 5 3 3 9 ,2 1 7 3 ,9 2 2 3 5 ,2 9 6 2 0 ,9 2 8 2 ,5 8 0 1 5 7 3 2 2 ,8 9 4 3 2 2 ,8 9 4 3 2 2 ,8 9 4

Inso lub le S o lid s % 1 6 .2 % 0 .2 % 7 .3 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 5 .6 % 5 .6 % 5 .6 % 0 .0 % 4 .7 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le S o lid s % 6 .3 % 1 .1 % 3 .4 % 0 .0 % 1 0 0 .0 % 0 .0 % 6 9 .9 % 0 .0 % 0 .0 % 1 .7 % 1 .7 % 1 .7 % 0 .0 % 1 .7 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 5 9 4 7 4 8 4 0 2 8 2 8 2 8 2 8 2 8 2 8 2 8 2 8 4 0 2 8 2 8 2 0 1 6 9 4 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .6 6 1 .6 6 1 .6 6 1 .6 6 1 .0 0 1 .0 0 1 .0 0 1 .0 0 3 .0 0 1 .0 0

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0

Ethano l kg / hr 3 3 6 4 2 0 2 0

W ater kg / hr 1 3 ,8 8 0 2 2 ,1 1 7 3 5 ,9 9 6 4 ,2 6 3 3 5 ,4 8 9 3 ,5 4 9 3 1 ,9 4 0 2 ,3 8 2

G luco se (SS) kg / hr 1 2 8 0 1 2 8

X ylose (SS) kg / hr 6 8 2 1 9 7 0 1

A rab ino se (SS) kg / hr 3 2 1 5 4 7

O ther Sug ars (SS) kg / hr 1 6 7 7 7 2 4 4

C ello b io se (SS) kg / hr 1 6 1 0 2 6 2 8 3 2 5 2

G luco se O lig o mers (SS) kg / hr 4 4 7 9 1 2 3 1 3 3 1 3 1 1 9 1 0

X ylose O lig o mers (SS) kg / hr 4 9 2 6 7 5 8 0 8 7 2 5

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 9 3 3 5 2 4 0 6 4 0 6 5 2 4 3 3 4 3 3 9 0 2 8

(NH4)2SO4  (SS ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 1 1 2 2 0 2 0

A cetic A cid kg / hr 7 9 7 8 1 5 7 1 2 1 5 5 1 5 1 3 9 1 0

Sulfuric A cid kg / hr 1 4 8 2 2 0 2 4 2 2 1 1

F urfural kg / hr 5 0 8 1 1 3 1 7 7 5 8 6 5 2 3

HM F kg / hr 1 7 2 7 4 4 2 6 1 9 2 1 7 1

C arb o n D io xid e kg / hr 0 0 0 2 ,9 5 0 1 0 0 0

M ethane kg / hr

O xyg en kg / hr 6 3 ,4 1 3 6 1 ,2 9 8 0 0 0 4 ,3 9 5 0 6 7 ,8 0 8 6 7 ,8 0 8 6 7 ,8 0 8

N itro g en kg / hr 2 3 8 ,5 5 3 2 3 8 ,5 5 2 1 0 1 1 6 ,5 3 3 0 2 5 5 ,0 8 6 2 5 5 ,0 8 6 2 5 5 ,0 8 6

A mmo nia kg / hr 0 2 2 1 4 5

N H4 O H kg / hr

O thers kg / hr 4 6 1 5 4 1 9 9 1 7 4 1 7 4 2 2 7 1 9 5 9 8 6 0 5 3 8 1 7 1 2

C ellulose (IS ) kg / hr 1 ,6 3 4 3 1 ,6 3 6

X ylan (IS) kg / hr 4 0 1 4 0 4 2 4 3 8 2

A rab inan (IS) kg / hr 2 0 2 2 0 2 0

O ther Sug ar Po lymers (IS) kg / hr 9 0 9

C ellulase (IS) kg / hr 3 1 1 1 5 5 6 3 5 6 5 0 6 1

B iomass (IS ) kg / hr 1 4 6 2 2 1 2 2 1 9 9 4 8

Zymo ( IS ) kg / hr 6 1 9 2 5 2 7 3 2 4 2

Lig nin (IS) kg / hr 1 ,1 5 5 1 7 1 ,1 7 2 1 ,2 3 4 1 2 3 1 ,1 1 1 6 2

G ypsum (IS ) kg / hr 0 0 0 0 0 0 0

C a(O H)2  ( IS ) kg / hr

O thers (Inso lub le S o lid s) kg / hr 9 9 1 1 0 1 1 0 6 1 1 9 6 5

Enthalp y  F low (millions) Kcal/ hr - 6 0 .5 - 8 4 .4 - 1 4 5 .1 1 .1 - 1 .5 - 0 .7 - 2 .2 - 0 .1 - 2 0 .0 - 1 4 2 .6 - 1 4 .3 - 1 2 8 .4 0 .1 - 9 .5 - 0 .1 - 0 .4 1 1 .3 1 .2

A verag e D ensity g / ml 1 .0 7 8 0 .9 7 9 1 .0 2 6 0 .0 0 1 0 .9 9 1 0 .9 9 1 0 .9 9 1 0 .8 8 8 0 .0 0 2 1 .0 2 1 1 .0 2 1 1 .0 2 1 0 .0 0 1 1 .0 1 8 0 .0 0 1 0 .0 0 1 0 .0 0 2 0 .0 0 1 R9906A.xls

Eq. No . Equipment Name R eq . Spare Equipment Type M at C o nst.

A - 4 0 0 C ellulase F ermento r A g itato rs 11 0 A X IA L- IM PELLER SS304

F -400 C ellulase F ermento rs 11 0 V E R T IC A L-VESSEL SS304L

H-400 C ellulase F ermentation C o o ler 11 0 IM M E R S E D - C O IL SS304

M -401 Fermentor  A ir C o mpresso r Package 2 1 C E N T R IF U G A L C S

P-400 C ellulase Transfer Pump 1 1 C E N T R IF U G A L SS

P-405 M ed ia Pump 1 1 C E N T R IF U G A L SS

P-420 A nti- foam Pump 1 1 C E N T R IF U G A L C S

T-405 M ed ia-Prep Tank 1 0 V E R T IC A L-VESSEL SS304

T-420 A nti- foam Tank 1 0 V E R T IC A L-VESSEL POLYETHY LENE

Heat Stream No . M M  kcal/ hr W ork Stream N o . kW

Q F 4 0 0 6 .8 1 W M 4 0 1 1 3 6 1 3 .1 1

Q M 4 0 1 1 0 .1 4 W P 4 0 0 5 .6 4

  W P 4 0 5 0 .0 9

  W P 4 2 0 0 .0 3

  W T 4 0 0 3 4 9 0 .5 6

W T 4 0 5 2 5 5 .5 6



C O M P O N E N T U N ITS 5 0 1 5 0 6 5 0 8 5 1 0 5 1 8 5 1 8 A 5 9 4 5 9 5

Total  Flow kg / hr 3 8 0 ,2 0 9 3 8 0 ,2 0 9 5 8 2 4 9 ,4 5 6 3 3 0 ,1 7 1 3 3 0 ,1 7 1 5 4 ,4 5 9 5 4 ,4 5 9

Inso lub le So lid s % 8 .3 % 8 .3 % 0 .0 % 0 .0 % 9 .6 % 9 .6 % 0 .0 % 0 .0 %

S o lub le So lid s % 2 .9 % 2 .9 % 0 .0 % 0 .5 % 3 .3 % 3 .3 % 0 .0 % 0 .0 %

Temp erature C 9 5 1 0 0 6 0 1 1 4 1 2 2 1 1 7 1 6 4 1 4 8

Pressure atm 4 .0 0 4 .7 6 1 .8 6 1 .9 3 2 .1 0 2 .1 0 4 .4 2 4 .4 2

V ap o r  F ractio n 0 .0 0 0 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0

Ethano l kg / hr 1 8 ,7 0 1 1 8 ,7 0 1 7 1 1 8 ,4 8 1 1 4 9 1 4 9

W ater kg / hr 3 0 8 ,2 0 5 3 0 8 ,2 0 5 2 3 2 9 ,8 9 1 2 7 8 ,2 9 0 2 7 8 ,2 9 0 5 4 ,4 5 9 5 4 ,4 5 9

G luco se (SS) kg / hr 2 1 9 2 1 9 0 0 2 1 9 2 1 9

X ylo se (SS) kg / hr 7 2 1 7 2 1 0 0 7 2 1 7 2 1

A rab ino se (SS) kg / hr 5 6 9 5 6 9 0 0 5 6 9 5 6 9

O ther Sug ars (SS) kg / hr 2 ,9 3 6 2 ,9 3 6 0 0 2 ,9 3 6 2 ,9 3 6

C ello b iose (SS) kg / hr 3 8 3 3 8 3 0 0 3 8 3 3 8 3

G luco se O lig o mers (SS) kg / hr 3 ,0 2 1 3 ,0 2 1 0 0 3 ,0 2 1 3 ,0 2 1

X ylo se O lig o mers (SS) kg / hr 1 ,0 0 6 1 ,0 0 6 0 0 1 ,0 0 6 1 ,0 0 6

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 2 ,3 2 7 2 ,3 2 7 0 2 2 7 2 ,1 0 0 2 ,1 0 0

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 9 2 9 0 0 2 9 2 9

A cetic A cid kg / hr 2 ,5 4 5 2 ,5 4 5 0 1 2 3 2 ,4 2 2 2 ,4 2 2

Sulfuric A cid kg / hr 2 9 5 2 9 5 0 0 2 9 5 2 9 5

F urfural kg / hr 1 ,0 1 0 1 ,0 1 0 0 5 2 4 4 8 5 4 8 5

HM F kg / hr 3 4 0 3 4 0 0 1 7 7 1 6 4 1 6 4

C arb o n D io xid e kg / hr 4 8 7 4 8 7 4 8 7 0 0 0

M ethane kg / hr

O xyg en kg / hr 0 0 0 0

N itro g en kg / hr 0 0 0 0 0 0

A mmo nia kg / hr 1 2 1 2 0 1 1 0 0

N H4 O H kg / hr

O thers kg / hr 5 ,7 8 7 5 ,7 8 7 0 2 1 5 ,7 6 6 5 ,7 6 6

C ellulose (IS) kg / hr 3 ,6 3 1 3 ,6 3 1 3 ,6 3 1 3 ,6 3 1

X ylan (IS) kg / hr 7 9 4 7 9 4 7 9 4 7 9 4

A rab inan (IS) kg / hr 3 3 3 3 3 3 3 3

O ther Sug ar Polymers (IS) kg / hr 1 6 4 1 6 4 1 6 4 1 6 4

C ellulase (IS) kg / hr 6 2 4 6 2 4 6 2 4 6 2 4

B iomass (IS ) kg / hr 2 4 5 2 4 5 2 4 5 2 4 5

Zymo (IS ) kg / hr 1 ,0 6 1 1 ,0 6 1 1 ,0 6 1 1 ,0 6 1

Lig nin (IS) kg / hr 2 3 ,0 6 8 2 3 ,0 6 8 2 3 ,0 6 8 2 3 ,0 6 8

G ypsum (IS ) kg / hr 8 8 8 8

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 1 ,9 8 6 1 ,9 8 6 1 ,9 8 6 1 ,9 8 6

Enthalp y Flow (millions) Kcal/ hr - 1 2 9 5 .5 - 1 2 9 3 .6 - 1 .2 - 1 1 7 .8 - 1 1 4 7 .5 - 1 1 4 9 .3 - 1 7 1 .2 - 1 9 9 .3

A verag e D ensity g / ml 0 .9 7 1 0 .9 6 6 0 .0 0 3 0 .0 0 1 0 .9 6 5 0 .9 7 0 0 .0 0 2 0 .8 6 5

Eq. No . Equipment N ame R eq . Spare Equipment Type M at C o nst.

D - 5 0 1 B eer C o lumn 1 0 D ISTILLA T IO N SS304

H-501 B eer C o lumn R eb o iler 1 0 SHELL- T U B E SS304;C S

H-504 B eer C o lumn C o nd enser 1 0 SHELL- T U B E SS304;C S

H-512 B eer C o lumn Feed  Interchang e 1 1 PLA T E - F R A M E SS

P-501 B eer C o lumn B o ttoms Pump 1 1 C E N T R IF U G A L SS

P-503 B eer C o lumn R eflux Pump 1 1 C E N T R IF U G A L SS

T-503 B eer C o lumn R elfux D rum 1 0 HO R IZONTAL-VESSEL SS304

R9906A.xls

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q C D 5 0 1 0 .8 9 W P 5 0 1 2 6 0 .9 4

Q H5 1 2 - 1 .8 3 W P 5 0 3 0 .5 1

Q R D 5 0 1 - 2 8 .0 6   

    

  



C O M P O N E N T U N ITS 3 0 4 C 3 0 8 5 0 8 5 1 0 5 1 1 5 1 6 5 2 1 5 2 3 5 2 4 5 5 0 5 5 1 5 9 2 5 9 3

Total  F low kg / hr 8 7 6 1 6 ,9 7 8 5 8 2 4 9 ,4 5 6 2 4 ,9 8 2 3 0 ,8 9 8 6 ,4 2 5 1 8 ,4 3 7 1 3 ,0 4 2 1 7 ,9 1 6 1 3 ,5 6 2 6 ,8 1 4 6 ,8 1 4

Inso lub le S o lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .5 % 0 .0 % 0 .7 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 3 0 3 0 6 0 1 1 4 9 2 1 2 1 7 0 3 1 1 3 1 8 3 0 1 6 4 1 4 8

Pressure atm 1 .0 0 1 .0 0 1 .8 6 1 .9 3 1 .7 0 2 .0 6 1 .5 3 1 .0 0 1 .0 0 0 .9 0 0 .9 0 4 .4 2 4 .4 2

V ap o r Fractio n 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0

Ethano l kg / hr 7 2 6 3 7 1 1 8 ,4 8 1 2 3 ,1 0 8 1 5 4 ,6 4 3 3 4 1 5 3 3 7

W ater kg / hr 1 5 2 8 8 2 3 2 9 ,8 9 1 1 ,8 7 4 2 9 ,8 0 0 1 ,7 8 2 3 2 6 1 3 ,0 4 2 1 7 3 1 3 ,1 9 5 6 ,8 1 4 6 ,8 1 4

G lucose (SS) kg / hr 0 0 0 0

X ylo se (SS) kg / hr 0 0 0 0

A rab inose (SS) kg / hr 0 0 0 0

O ther Sug ars (SS) kg / hr 0 0 0 0

C ello b iose (SS) kg / hr 0 0 0 0

G lucose O lig o mers (SS) kg / hr 0 0 0 0

X ylo se O lig o mers (SS) kg / hr 0 0 0 0

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uo r (SS) kg / hr 0 2 0 2 2 7 2 2 7 3 0 3

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (So lub le S o lids) kg / hr 0 0 0 0

A cetic A cid kg / hr 0 1 0 1 2 3 1 2 3 2 0 2

Sulfuric A cid kg / hr 0 0 0 0 0 0 0 0

F urfural kg / hr 0 6 0 5 2 4 5 2 4 7 0 7

HM F kg / hr 0 2 0 1 7 7 1 7 7 2 0 2

C arb o n D io xid e kg / hr 8 3 8 1 6 ,2 8 1 4 8 7 0 0 1 7 ,6 0 5 1 7 ,5 8 9 1 6

M ethane kg / hr

O xyg en kg / hr 1 5 1 3 4 0 0 1 4 9 1 4 9 0

N itro g en kg / hr 0 1 0 0 1 1 0

A mmo nia kg / hr 0 0 1 1 1 1 0 0 0

N H4 O H kg / hr

O thers kg / hr 0 0 0 2 1 2 1 0 0 0

C ellulo se (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Po lymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS ) kg / hr

Zymo  ( IS ) kg / hr

Lig nin (IS) kg / hr

G ypsum (IS) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le S o lid s) kg / hr

Enthalp y  F low (millions) Kcal/ hr - 1 .8 - 3 6 .0 - 1 .2 - 1 1 7 .8 - 3 3 .5 - 1 1 1 .4 - 1 3 .2 - 3 9 .1 - 4 9 .5 - 3 8 .1 - 5 0 .4 - 2 1 .4 - 2 4 .9

A verag e D ensity g / ml 0 .0 0 2 0 .0 0 2 0 .0 0 3 0 .0 0 1 0 .0 0 2 0 .9 0 0 0 .7 9 4 0 .0 0 2 1 .0 0 5 0 .0 0 2 0 .9 8 3 0 .0 0 2 0 .8 6 5 R9906A.xls

Heat Stream N o . M M  kcal/ hr W ork Stream No. kW

Q C D 5 0 2 1 7 .4 4 W P 5 0 4 7 .6 2

Q R D 5 0 2 - 3 .5 1 W P 5 0 5 1 2 .7 7

  W P 5 1 5 2 .2 1

    

  

E q . N o . E q uipment N ame R eq . S p are E q uipment Typ e M at C o nst.

D - 5 0 2 R ectificatio n C o lumn 1 0 D IS T ILLA T IO N SS

H- 5 0 2 R ectificatio n C o lumn R eb o iler 1 0 SHELL-TUB E S S 3 0 4 ;C S

H- 5 0 5 R ectificatio n C o lumn C o nd enser 1 0 SHELL-TUB E S S 3 0 4 ;C S

P - 5 0 4 R ectificatio n C o lumn B o ttoms Pump 1 1 C E N T R IF U G A L SS

P - 5 0 5 R ectificatio n C o lumn R eflux Pump 1 1 C E N T R IF U G A L SS

P - 5 1 5 Scrubb er B o ttoms Pump 1 0 C E N T R IF U G A L SS

T - 5 0 5 R ectificatio n C o lumn R eflux D rum 1 0 HO R IZ O N T A L- V E S S E L S S 3 0 4

T - 5 1 2 V ent Scrub b er 1 0 A B S O R B E R S S 3 0 4 ;P LA S T IC



C O M P O N E N T U N ITS 5 1 1 5 1 1 C 5 1 5 5 1 5 A 5 1 7 5 1 9 5 2 1 5 2 2 5 9 6 5 9 7

Total F lo w kg / hr 2 4 ,9 8 2 2 4 ,9 8 2 1 8 ,5 5 7 6 ,4 2 5 6 ,4 2 5 1 8 ,5 5 7 6 ,4 2 5 6 ,4 2 5 4 6 7 4 6 7

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 9 2 1 1 6 3 8 1 1 6 3 5 9 2 7 0 7 0 1 6 4 1 4 8

Pressure atm 1 .7 0 1 .7 0 1 .0 0 1 .7 0 0 .1 4 1 .4 4 1 .5 3 1 .5 3 4 .4 2 4 .4 2

V apor Fraction 1 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0

Ethano l kg / hr 2 3 ,1 0 8 2 3 ,1 0 8 1 8 ,4 6 6 4 ,6 4 3 4 ,6 4 3 1 8 ,4 6 6 4 ,6 4 3 4 ,6 4 3

W ater kg / hr 1 ,8 7 4 1 ,8 7 4 9 2 1 ,7 8 2 1 ,7 8 2 9 2 1 ,7 8 2 1 ,7 8 2 4 6 7 4 6 7

G luco se (SS) kg / hr

X ylose (SS) kg / hr

A rab ino se (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G luco se O lig o mers (SS) kg / hr

X ylose O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr

Sulfuric A cid kg / hr

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr

C ellulose (IS) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS ) kg / hr

Zymo (IS ) kg / hr

Lig nin (IS) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lids) kg / hr

Enthalp y Flow (millions) Kcal/ hr - 3 3 .5 - 3 3 .3 - 2 6 .7 - 1 1 .1 - 1 3 .4 - 2 2 .3 - 1 3 .2 - 1 3 .2 - 1 .5 - 1 .7

A verag e D ensity g / ml 0 .0 0 2 0 .0 0 2 0 .7 7 5 0 .0 0 2 0 .8 3 1 0 .0 0 2 0 .7 9 4 0 .7 9 4 0 .0 0 2 0 .8 6 5 R9906A.xls

Eq. No . Equipment Name R eq . Spare Equipment Type M at C o nst.

M -503 M olecular Sieve (9  p ieces) 1 0 P A C KA G E SS

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q H5 0 3 2 .2 2 W M 5 0 3 1 2 8 .9 9

Q H5 0 6 - 0 .2 4   

Q H5 0 7 0 .1 8   

Q H5 0 9 4 .4 1   

  



R9906A.xls

C O M P O N E N T U N ITS 2 1 1 2 4 3 2 4 5 5 1 8 A 5 2 5 5 2 6 5 2 7 5 2 8 5 2 9 5 3 0 5 3 1 5 3 2 5 3 3 5 3 4 A 5 3 5 6 1 0

Total  Flow kg / hr 4 7 ,6 3 7 6 5 ,8 2 8 2 9 ,8 6 2 3 3 0 ,1 7 1 2 6 9 ,3 3 3 6 0 ,8 3 8 6 0 ,8 3 8 7 5 ,9 7 2 5 2 ,3 2 0 5 2 ,3 2 0 2 4 ,3 7 1 5 1 ,6 0 1 5 1 ,6 0 1 1 6 4 ,7 6 0 1 6 ,4 7 6 1 2 8 ,2 9 2

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 9 .6 % 1 1 .7 % 0 .0 % 0 .0 % 1 .5 % 0 .0 % 0 .0 % 4 .8 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .9 %

S o lub le So lid s % 0 .3 % 0 .0 % 0 .3 % 3 .3 % 3 .9 % 0 .7 % 0 .7 % 6 .1 % 0 .0 % 0 .0 % 1 9 .1 % 0 .0 % 0 .0 % 0 .3 % 0 .3 % 3 .6 %

Temp erature C 7 4 7 3 7 4 1 1 7 8 6 8 6 8 6 7 0 7 0 7 0 6 3 6 3 6 3 7 4 7 4 4 0

Pressure atm 3 .0 0 3 .0 0 3 .0 0 2 .1 0 0 .5 8 0 .5 8 0 .6 0 0 .3 0 0 .3 0 0 .3 1 0 .2 1 0 .2 1 0 .2 3 2 .0 0 2 .0 0 3 .2 0

V ap o r  F ractio n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 3 8 2 4 1 4 9 3 6 1 1 4 1 1 4 2 1 7 1 7 0 2 2 1 3 3 1 3 1 9

W ater kg / hr 4 7 ,0 9 2 6 5 ,8 2 8 2 9 ,5 2 0 2 7 8 ,2 9 0 2 1 8 ,6 0 0 5 9 ,6 9 0 5 9 ,6 9 0 6 5 ,7 7 3 5 2 ,0 3 7 5 2 ,0 3 7 1 4 ,6 2 6 5 1 ,1 4 7 5 1 ,1 4 7 1 6 2 ,8 7 4 1 6 ,2 8 7 1 1 7 ,8 0 9

G luco se (SS) kg / hr 2 1 9 2 1 9

X ylo se (SS) kg / hr 0 0 7 2 1 7 2 1 0 0 3 8 8 0 0 3 8 8 0 0 0 0 3 8 8

A rab ino se (SS) kg / hr 0 0 5 6 9 5 6 9 0 0 3 0 7 3 0 7 0 0 0 0 3 0 7

O ther Sug ars (SS) kg / hr 2 ,9 3 6 2 ,9 3 6 1 ,5 8 3 1 ,5 8 3 1 ,5 8 3

C ello b iose (SS) kg / hr 3 8 3 3 8 3 2 0 7 2 0 7 2 0 7

G luco se O lig o mers (SS) kg / hr 3 ,0 2 1 3 ,0 2 1 1 ,6 2 8 1 ,6 2 8 1 ,6 2 8

X ylo se O lig o mers (SS) kg / hr 0 0 1 ,0 0 6 1 ,0 0 6 0 0 5 4 2 0 0 5 4 2 0 0 0 0 5 4 2

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 3 0 8 2 2 ,1 0 0 1 ,6 4 9 4 5 0 4 5 0 4 5 0 4 5

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 2 9 2 9 1 1 1 1 1 1

A cetic A cid kg / hr 2 0 5 1 2 9 2 ,4 2 2 2 ,2 9 5 1 2 7 1 2 7 1 ,0 7 7 1 5 9 1 5 9 6 5 3 4 2 4 4 2 4 7 1 1 7 1 1 ,2 3 7

Sulfuric A cid kg / hr 0 0 2 9 5 2 9 5 0 0 1 5 9 0 0 1 5 9 0 0 0 0 1 5 9

F urfural kg / hr 1 1 7 7 3 4 8 5 1 7 3 3 1 2 3 1 2 1 6 7 8 7 8 1 1 4 1 4 4 0 4 4 0 9 3

HM F kg / hr 3 9 2 5 1 6 4 5 8 1 0 5 1 0 5 5 2 6 2 6 0 5 5 1 3 6 1 4 3 1

C arb o n D io xid e kg / hr 0

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr 0

A mmo nia kg / hr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N H4 O H kg / hr

O thers kg / hr 1 5 9 5 ,7 6 6 5 ,7 2 6 4 0 4 0 3 ,1 0 5 3 3 3 ,0 9 6 9 9 5 2 5 3 ,1 0 8

C ellulose (IS) kg / hr 3 ,6 3 1 3 ,6 3 1 5 4 5 4 5 4

X ylan (IS) kg / hr 7 9 4 7 9 4 1 2 1 2 1 2

A rab inan (IS) kg / hr 3 3 3 3 0 0 0

O ther Sug ar Polymers (IS) kg / hr 1 6 4 1 6 4 2 2 2

C ellulase (IS) kg / hr 6 2 4 6 2 4 2 3 4 2 3 4 2 3 4

B iomass (IS ) kg / hr 2 4 5 2 4 5 9 2 9 2 9 2

Zymo (IS ) kg / hr 1 ,0 6 1 1 ,0 6 1 3 9 8 3 9 8 3 9 8

Lig nin (IS) kg / hr 2 3 ,0 6 8 2 3 ,0 6 8 3 4 6 3 4 6 3 4 6

G ypsum (IS ) kg / hr 8 8 0 0 0

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 1 ,9 8 6 1 ,9 8 6 3 0 3 0 3 0

Enthalp y Flow (millions) Kcal/ hr - 1 7 7 .2 - 2 4 6 .3 - 1 1 1 .1 - 1 1 4 9 .3 - 9 3 5 .3 - 1 9 2 .0 - 2 2 4 .9 - 2 6 4 .0 - 1 6 6 .2 - 1 9 5 .2 - 7 1 .7 - 1 6 3 .9 - 1 9 2 .6 - 6 1 2 .8 - 6 1 .3 - 4 6 2 .5

A verag e D ensity g / ml 0 .9 4 5 0 .9 4 5 0 .9 4 5 0 .9 7 0 1 .0 2 1 0 .0 0 0 0 .9 3 4 0 .9 9 2 0 .0 0 0 0 .9 4 9 1 .0 9 4 0 .0 0 0 0 .9 5 5 0 .9 4 5 0 .9 4 5 1 .0 0 0

Stream N o . M M  kcal/ hr Stream N o . kW

Q E 5 0 1 B 2 2 .0 3 W P 5 1 1 1 7 3 .0 6

Q E 5 0 2 B 3 2 .2 9 W P 5 1 2 3 5 .6 9

Q E 5 0 3 B 2 8 .3 9 W P 5 1 3 1 4 .3 6

Q H5 1 7 2 8 .7 0 W P 5 1 4 2 7 .9 3

  

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

E - 5 0 1 1st Effect Evap o ratio n 2 0 SHELL- T U B E S S 3 1 6

E - 5 0 2 2 nd Effect Evaporation 1 0 SHELL- T U B E S S 3 1 6

E - 5 0 3 3 r d  E f f ect Evaporation 2 0 SHELL- T U B E S S 3 1 6

H- 5 1 7 Evaporator  C o nd enser 1 1 SHELL- T U B E S S 3 0 4 ;C S

P - 5 1 1 1st Effect Pump 2 1 C E N T R IF U G A L SS

P - 5 1 2 2 nd Effect Pump 1 1 C E N T R IF U G A L SS

P - 5 1 3 3 r d  E f f ect P ump 2 1 C E N T R IF U G A L SS

P - 5 1 4 Evaporator  C o nd ensate Pump 1 1 C E N T R IF U G A L S S 3 0 4



R9906A.xls

C O M P O N E N T U N ITS 2 1 9 4 1 1 4 3 0 5 1 6 5 2 5 6 0 1 6 0 2 6 0 3 6 0 4 6 0 6 6 1 0

Total  F low kg / hr 1 3 1 ,8 9 6 2 2 ,7 8 4 2 ,1 4 7 3 0 ,8 9 8 2 6 9 ,3 3 3 9 8 ,2 7 7 1 7 1 ,0 5 6 4 2 ,7 6 4 8 3 ,1 6 3 1 5 6 ,8 2 7 1 2 8 ,2 9 2

Inso lub le S o lid s % 0 .2 % 0 .2 % 0 .2 % 0 .0 % 1 1 .7 % 3 0 .6 % 0 .9 % 0 .9 % 0 .0 % 0 .2 % 0 .9 %

S o lub le S o lid s % 1 .1 % 1 .1 % 1 .1 % 0 .7 % 3 .9 % 4 .4 % 3 .6 % 3 .6 % 0 .0 % 1 .1 % 3 .6 %

Temperature C 4 7 4 7 4 7 1 2 1 8 6 4 0 4 0 4 0 2 0 4 7 4 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 2 .0 6 0 .5 8 3 .2 0 3 .2 0 3 .2 0 1 .0 0 1 .0 0 3 .2 0

V ap o r Fractio n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 1 8 3 0 1 5 3 6 1 0 2 6 6 2 2 1 9

W ater kg / hr 1 2 8 ,0 3 3 2 2 ,1 1 7 2 ,0 8 4 2 9 ,8 0 0 2 1 8 ,6 0 0 6 1 ,5 2 0 1 5 7 ,0 7 9 3 9 ,2 7 0 8 3 ,1 6 3 1 5 2 ,2 3 4 1 1 7 ,8 0 9

G lucose (SS) kg / hr 0 0 0 0 2 1 9 2 1 9 0

X ylo se (SS) kg / hr 1 0 9 1 9 2 0 7 2 1 2 0 3 5 1 8 1 2 9 1 2 9 3 8 8

A rab inose (SS) kg / hr 8 6 1 5 1 0 5 6 9 1 6 0 4 0 9 1 0 2 1 0 2 3 0 7

O ther Sug ars (SS) kg / hr 4 4 4 7 7 7 0 2 ,9 3 6 8 2 6 2 ,1 1 0 5 2 8 5 2 8 1 ,5 8 3

C ello b io se (SS) kg / hr 5 8 1 0 1 0 3 8 3 1 0 8 2 7 5 6 9 6 9 2 0 7

G lucose O lig o mers (SS) kg / hr 4 5 6 7 9 7 0 3 ,0 2 1 8 5 0 2 ,1 7 1 5 4 3 5 4 3 1 ,6 2 8

X ylo se O lig o mers (SS) kg / hr 1 5 2 2 6 2 0 1 ,0 0 6 2 8 3 7 2 3 1 8 1 1 8 1 5 4 2

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS ) kg / hr 1 9 1 3 3 3 2 2 7 1 ,6 4 9 1 ,6 4 9 2 2 7

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr 3 1 0 0 2 9 1 4 1 4 4 4 1 1

A cetic A cid kg / hr 4 5 0 7 8 7 1 2 3 2 ,2 9 5 6 4 6 1 ,6 4 9 4 1 2 5 3 5 1 ,2 3 7

Sulfuric A cid kg / hr 4 5 8 1 0 2 9 5 8 3 2 1 2 5 3 5 3 1 5 9

F urfural kg / hr 4 6 7 8 1 8 5 2 4 1 7 3 4 9 1 2 5 3 1 5 5 6 9 3

HM F kg / hr 1 5 7 2 7 3 1 7 7 5 8 1 6 4 2 1 0 1 8 7 3 1

C arb o n D io xid e kg / hr 0 0 0 0 0

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr 1 0 2 0 1 1 0 0 0 0 1 1 0

N H4 O H kg / hr

O thers kg / hr 8 8 9 1 5 4 1 4 2 1 5 ,7 2 6 1 ,5 8 2 4 ,1 4 4 1 ,0 3 6 1 ,0 5 7 3 ,1 0 8

C ellulo se (IS ) kg / hr 1 5 3 0 3 ,6 3 1 3 ,5 5 9 7 3 1 8 1 8 5 4

X ylan (IS) kg / hr 3 1 0 7 9 4 7 7 8 1 6 4 4 1 2

A rab inan (IS) kg / hr 0 0 0 3 3 3 2 1 0 0 0

O ther Sug ar Polymers (IS ) kg / hr 1 0 0 1 6 4 1 6 1 3 1 1 2

C ellulase (IS) kg / hr 6 6 1 1 1 6 2 4 3 1 2 3 1 2 7 8 7 8 2 3 4

B iomass (IS ) kg / hr 2 6 4 0 2 4 5 1 2 3 1 2 3 3 1 3 1 9 2

Zymo ( IS ) kg / hr 1 1 2 1 9 2 1 ,0 6 1 5 3 1 5 3 1 1 3 3 1 3 3 3 9 8

Lig nin (IS) kg / hr 9 7 1 7 2 2 3 ,0 6 8 2 2 ,6 0 7 4 6 1 1 1 5 1 1 5 3 4 6

G yp sum (IS) kg / hr 0 0 0 8 8 0 0 0 0

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lids) kg / hr 8 1 0 1 ,9 8 6 1 ,9 4 6 4 0 1 0 1 0 3 0

Enthalp y  F low (millions) Kcal/ hr - 4 8 8 .6 - 8 4 .4 - 8 .0 - 1 1 1 .4 - 9 3 5 .3 - 3 2 8 .5 - 6 1 6 .7 - 1 5 4 .2 - 3 1 5 .4 - 5 8 1 .0 - 4 6 2 .5

A verag e D ensity g / ml 0 .9 7 9 0 .9 7 9 0 .9 7 9 0 .9 0 0 1 .0 2 1 1 .1 5 8 1 .0 0 0 1 .0 0 0 0 .9 9 8 0 .9 7 9 1 .0 0 0

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

  W C 6 0 1 6 2 .8 0

  W P 6 3 0 3 9 .1 6

  W S 6 0 1 9 5 8 .8 6

  W T 6 3 0 4 .5 0

  

E q . N o . E q uipment Name R eq . S p are E q uipment Type M at C o nst.

A - 6 3 0 R ecycled  W ater Tank A g itato r 1 0 F IX E D - P R O P C S

C - 6 0 1 Lig nin W et C ake Screw 1 0 SC R EW C S

P - 6 3 0 R ecycled  W ater Pump 1 1 C E N T R IF U G A L C S

S - 6 0 1 B eer C o lumn B o ttoms Centri fuge 3 0 C E N T R IF U G E 3 1 6 S S

T - 6 3 0 R ecycled  W ater Tank 1 0 F LA T - B T M - S T O R A G E C S



R9906A.xls

Eq. N o . Equipment Name R eq . Spare Equipment Type M at C o nst.

A - 6 0 2 Equalizatio n B asin A g itator 1 0 F IX E D - P R O P SS

A - 6 0 6 A naero b ic A g itator 4 0 F IX E D - P R O P SS

H-602 A naero b ic D igesto r Feed C o o ler 1 0 SHELL- T U B E SS316;C S

M -604 N utrient Feed System 1 0 P A C KA G E C S

M -606 B io g as Emergency F lare 1 0 M ISCELLANEOUS SS

P-602 A naero b ic R eacto r Feed Pump 1 1 C E N T R IF U G A L C S

P-606 A erob ic D ig estor Feed Pump 1 1 C E N T R IF U G A L C S

S-600 B ar Screen 1 0 SCREEN C S

T-602 Equalizatio n B asin 1 0 FLA T - B T M - S T O R A G E C O N C R E T E

T-606 A naero b ic D igesto r 4 0 FLA T - B T M - S T O R A G E E P O X Y - LINED

C O M P O N E N T U N ITS 2 4 7 5 2 0 5 3 5 6 1 2 6 1 3 6 1 5 6 1 8 6 3 0 8 2 1 9 4 4

Total  Flow kg / hr 9 2 ,6 4 1 4 5 ,1 3 4 1 6 ,4 7 6 1 7 9 ,3 4 6 1 7 9 ,3 4 6 0 1 7 6 ,9 4 4 2 3 0 7 ,2 7 5 1 7 ,8 2 0

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .1 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 4 .9 % 0 .1 % 0 .3 % 2 .6 % 2 .6 % 0 .0 % 0 .2 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 4 0 1 0 0 7 4 7 9 3 5 3 5 2 0 3 0 9 2 8

Pressure atm 3 .0 0 1 .0 0 2 .0 0 2 .0 0 2 .0 0 1 .0 0 1 .0 0 9 6 .2 6 1 .0 0

V ap o r  F ractio n 0 .0 0 0 .0 7 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 2 9 1 3 4 2 4 2 3

W ater kg / hr 8 7 ,8 9 3 4 3 ,8 2 2 1 6 ,2 8 7 1 7 3 ,0 9 8 1 7 3 ,0 9 8 1 7 5 ,6 7 5 7 ,2 7 5 1 7 ,8 2 0

G luco se (SS) kg / hr

X ylo se (SS) kg / hr 0 0 0 0 0

A rab ino se (SS) kg / hr 0 0 0 0

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G luco se O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr 0 0 0 0

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 3 1 4 5 7 6 7 6 7 6

( N H4 ) 2 S O 4  ( S S ) kg / hr 9 1 5 9 1 5 9 1 5

N H4 A cetate (SS) kg / hr 3 ,6 0 6 3 ,6 0 6 3 ,6 0 6 2 5 2

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr 2 6 5 7 1 3 3 6 3 3 6 2 4

Sulfuric A cid kg / hr 0 0 0 0

F urfural kg / hr 7 3 6 4 0 7 7 7 7 7 7 5 4

HM F kg / hr 2 4 8 1 4 2 6 2 2 6 2 1 8

C arb o n D io xid e kg / hr 4 6

M ethane kg / hr 2

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr 7 0 0 7 7 7

N H4 O H kg / hr 2 1 9 2 1 9 2 1 9 1 8 9

O thers kg / hr 3 5 8 8 4 2 9 2 3 0

C ellulose (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS) kg / hr

C ellulase (IS) kg / hr

B iomass (IS) kg / hr 1 6 9

Zymo (IS ) kg / hr

Lig nin (IS) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr

Enthalp y F low (millions) Kcal/ hr - 3 4 7 .3 - 1 6 2 .2 - 6 1 .3 - 6 6 3 .5 - 6 7 1 .1 - 6 6 6 .4 - 0 .9 - 2 5 .3 - 6 7 .4

A verag e D ensity g / ml 0 .9 1 4 0 .0 0 9 0 .9 4 5 0 .9 1 0 0 .9 5 0 0 .9 8 2 0 .9 9 8 0 .6 9 3 0 .9 9 1

Heat Stream N o . M M  kcal/ hr W o rk Stream N o . kW

Q H6 0 2 7 .5 8 W M 6 0 4 7 .6 4

W P 6 0 2 4 3 .1 5

  W P 6 0 6 4 1 .1 7

  W S 6 0 0 0 .7 7

  W T 6 0 2 2 5 .5 6

W T 6 0 6 1 2 3 .4 3



C O M P O N E N T U N ITS 6 1 8 6 2 0 6 2 1 6 2 3 6 2 4 6 2 5 6 2 6 6 2 7 6 3 1

Total F lo w kg / hr 1 7 6 ,9 4 4 1 5 6 ,0 2 8 1 7 8 ,6 6 7 9 1 8 1 7 3 ,1 5 4 5 ,5 1 3 1 5 3 ,1 5 5 4 ,5 9 6 1

Inso lub le So lid s % 0 .1 % 0 .0 % 0 .2 % 2 9 .9 % 0 .0 % 5 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .2 % 0 .0 % 0 .1 % 0 .0 % 0 .1 % 0 .1 % 0 .0 % 0 .1 % 0 .0 %

Temp erature C 3 5 2 1 2 1 2 1 2 1 2 1 2 0 2 1 2 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0

V ap o r Fractio n 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 3 0 0 0 0 0 0

W ater kg / hr 1 7 5 ,6 7 5 2 ,4 3 0 1 7 7 ,9 8 1 6 4 1 1 7 2 ,7 5 5 5 ,2 2 6 4 ,5 8 4

G lucose (SS) kg / hr

X ylo se (SS) kg / hr 0

A rabino se (SS) kg / hr

Other Sugars (SS) kg / hr

C ello b io se (SS) kg / hr

G lucose O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr

Other Oligomers (SS) kg / hr

C o rn Steep  Liquor  (SS) kg / hr 7 6 1 7 7 0 7 5 2 2

( N H4 ) 2 S O 4  ( S S ) kg / hr

NH4Acetate (SS) kg / hr 2 5 2 2 5 0 2 5 1 1

Others (Soluble Solids) kg / hr

A cetic A cid kg / hr 2 4 0 2 0 2 0 0

Sulfuric A cid kg / hr

F urfural kg / hr 5 4 1 5 0 4 0 0

HM F kg / hr 1 8 0 2 0 1 0 0

C arbon D ioxide kg / hr 4 6 3 4 1 0 0 0 0 0

M ethane kg / hr 2 2 0 0 0 0 0

O xyg en kg / hr 3 1 ,8 9 8 1 0 1 0 3 2 ,1 6 2 0

N itro g en kg / hr 1 2 1 ,0 1 7 3 0 3 0 1 2 0 ,9 9 2 0

Ammonia kg / hr 7 1 6 0 5 0 0

N H 4 O H kg / hr 1 8 9 1 5 7 3 3 0 3 2 1 1

Others kg / hr 4 2 9 1 7 9 2 5 7 1 2 5 0 8 7 1

C ellulo se (IS) kg / hr

X ylan (IS) kg / hr

A rabinan (IS) kg / hr

Other Sugar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS ) kg / hr 1 6 9 2 7 5 2 7 5 2 7 5

Zymo ( IS ) kg / hr

Lig nin (IS) kg / hr

Gypsum (IS) kg / hr

C a(OH)2 ( IS ) kg / hr

Others (Inso lub le Solids) kg / hr

Enthalp y  F low (millions) Kcal/ hr - 6 6 6 .4 - 8 .8 - 6 7 6 .4 - 2 .7 - 6 5 6 .2 - 2 0 .1 - 0 .2 - 1 7 .4 0 .0

A verag e D ensity g / ml 0 .9 8 2 0 .0 0 1 0 .9 9 8 1 .1 4 8 0 .9 9 7 1 .0 2 2 0 .0 0 1 0 .9 9 7 0 .9 9 8

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

  W C 6 1 4 5 .2 5

  W M 6 1 2 3 .8 3

  W P 6 0 8 1 .2 4

  W P 6 1 0 0 .7 3

  W P 6 1 1 4 0 .9 2

W P 6 1 4 1 .0 5

W P 6 1 6 3 9 .6 8

W S 6 1 4 2 1 .3 1

W T 6 0 8 6 1 9 .0 0

W T 6 1 0 3 .8 2

E q . N o . E q uipment Name R eq . S p are E q uipment  Type M at C o nst.

A - 6 0 8 A ero b ic Lag o o n A g itators 1 6 0 S U R F A C E - A E R A T O R C S

C - 6 1 4 A ero b ic Slud g e Screw 1 0 SC R EW C S

M - 6 1 2 F ilter Preco at System 1 0 M ISC ELLA N E O U S C S

P - 6 0 8 A ero b ic Slud g e R ecycle Pump 1 0 SLU R R Y S S 3 1 6

P - 6 1 0 A ero b ic Slud g e Pump 1 0 SLU R R Y S S 3 1 6

P - 6 1 1 A ero b ic D ig estio n O utlet Pump 1 1 C E N T R IF U G A L C S

P - 6 1 4 Slud g e F iltrate R ecycle Pump 1 1 C E N T R IF U G A L C S

P - 6 1 6 Treated  W ater Pump 1 1 C E N T R IF U G A L C S

S - 6 1 4 B elt F ilter Press 1 0 F ILT E R - P R E S S 3 0 4 S S ;B U N A  N

T - 6 0 8 A ero b ic D ig esto r 1 0 LIN E D - P IT P O LY M E R  LIN E D

T - 6 1 0 C larifier 1 0 C LA R IF IER C O N C R E T E
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E q . N o . E q uipment N ame R eq . S p are E q uipment Typ e M at C o nst.

A - 7 0 1 D enaturant In- line M ixer 1 0 STATIC SS304

P - 7 0 1 Ethano l Pro d uct Pump 2 1 C E N T R IF U G A L C S

P - 7 0 3 Sulfuric A cid  Pump 1 1 C E N T R IF U G A L SS316

P - 7 0 4 F irewater Pump 1 1 C E N T R IF U G A L C S

P - 7 0 6 A mmo nia Pump 1 1 C E N T R IF U G A L C S

P - 7 0 7 A ntifo am Sto re Pump 1 1 C E N T R IF U G A L C S

P - 7 0 8 D iesel Pump 1 1 C E N T R IF U G A L C S

P - 7 1 0 G aso line Pump 1 1 C E N T R IF U G A L C S

P - 7 2 0 C S L Pump 1 1 C E N T R IF U G A L C S

T - 7 0 1 Ethano l Pro d uct Storage Tank 2 0 F LA T - B T M - S T O R A G E A 2 8 5 C

T - 7 0 3 Sulfuric A cid Storage Tank 1 0 F LA T - B T M - S T O R A G E SS316

T - 7 0 4 F irewater Storage Tank 1 0 F LA T - B T M - S T O R A G E A 2 8 5 C

T - 7 0 6 A mmo nia Sto rag e Tank 1 0 HO R IZ O N T A L- S T O R A G E A 5 1 5

T - 7 0 7 A ntifo am Sto rag e Tank 1 0 F LA T - B T M - S T O R A G E A 2 8 5 C

T - 7 0 8 D iesel Storage Tank 1 0 F LA T - B T M - S T O R A G E A 2 8 5 C

T - 7 1 0 G aso line Storage Tank 1 0 F LA T - B T M - S T O R A G E A 2 8 5 C

T - 7 2 0 C S L Sto rag e Tank 1 0 F LA T - B T M - S T O R A G E SS304

C O M P O N E N T U N ITS 2 4 2 3 1 0 3 1 0 A 3 1 1 3 1 1 A 4 1 4 4 1 7 4 2 3 4 3 4 4 3 6 5 1 5 7 0 1 7 0 3 7 1 0 7 1 3 7 1 7 7 2 3 7 3 5

Total  F low kg / hr 1 ,1 2 8 8 5 8 4 1 2 9 9 6 0 4 0 6 2 2 7 3 0 8 1 5 7 1 8 ,5 6 5 8 8 8 1 9 ,4 5 2 1 ,8 6 8 6 ,8 2 8 1 ,4 0 8 4 4 3 1 ,9 7 9

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 1 0 0 .0 % 0 .0 % 1 0 0 .0 % 1 0 0 .0 % 0 .0 % 1 0 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 1 0 0 .0 %

Temp erature C 2 0 3 5 3 5 3 5 3 5 2 8 2 8 2 8 2 8 2 8 3 8 2 0 3 7 2 0 2 0 2 0 2 0 2 0

Pressure atm 1 7 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 7 .0 0 1 .0 0 1 .0 0

V apor  F ractio n 0 .0 0 1 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 1 8 ,4 7 3 1 8 ,4 7 3

W ater kg / hr 9 2 9 2 6 ,8 2 8

G lucose (SS) kg / hr

X ylo se (SS) kg / hr

A rab inose (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G lucose O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn S teep  Liq uor  (SS) kg / hr 5 8 4 9 6 0 4 0 6 3 0 1 ,9 7 9

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS ) kg / hr

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr

Sulfuric A cid kg / hr 1 ,8 6 8

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr 1 ,1 2 8 8 1 2 9 8 1 4 5 1 ,4 0 8

N H4 O H kg / hr

O thers kg / hr 2 2 7 0 1 2 8 8 8 8 8 8 4 4 3

C ellulo se (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS) kg / hr

Zymo ( IS ) kg / hr

Lig nin (IS ) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr

Enthalp y  F low (millio ns) Kcal/ hr - 1 .0 0 .0 - 2 .2 - 0 .1 - 3 .6 - 1 .5 - 0 .1 - 0 .1 0 .0 - 0 .1 - 2 6 .8 - 0 .5 - 2 7 .2 - 3 .6 - 2 5 .9 - 1 .3 - 0 .2 - 7 .5

A verag e D ensity g / ml 0 .6 1 0 0 .0 0 1 0 .9 8 4 0 .0 0 1 0 .9 8 4 0 .9 9 1 0 .8 8 8 0 .9 9 1 0 .0 0 1 0 .0 0 1 0 .7 5 7 0 .6 8 8 0 .7 5 3 3 .1 0 2 0 .9 9 8 0 .6 1 0 0 .6 8 8 0 .9 9 8

Heat Stream M mkcal/ hr W ork Stream N o . kW

W P 7 0 1 3 .9 4

W P 7 0 3 0 .1 3

W P 7 0 4 0 .0 0

W P 7 0 6 0 .0 8

W P 7 0 7 0 .0 3

W P 7 0 8 0 .1 1

W P 7 1 0 0 .3 7

W P 7 2 0 0 .4 3
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Eq. N o . Equipment N ame R eq . Spare Equipment Type M at C o nst.

M - 8 0 1 So lid  F eed  R o tary D ryer 1 0 M IS C E LLA N E O U S

M - 8 0 4 C o mb ustio n G as B ag ho use 1 0 F A B R IC - F ILTER A 2 8 5 C ;F A B R IC

C O M P O N E N T U N ITS 6 0 1 6 0 1 A 8 0 9 8 0 9 A 8 1 0

Total  F low kg / hr 9 8 ,2 7 7 7 3 ,6 6 9 1 ,1 0 6 5 9 7 ,9 0 5 5 9 6 ,8 0 0

Inso lub le S o lid s % 3 0 .6 % 4 0 .8 % 1 0 0 .0 % 0 .2 % 0 .0 %

S o lub le So lid s % 4 .4 % 5 .0 % 0 .0 % 0 .3 % 0 .3 %

Temp erature C 4 0 1 0 1 1 6 7 1 6 7

Pressure atm 3 .2 0 1 .0 0 0 .9 7 0 .9 7

V ap o r Fractio n 0 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0

Ethano l kg / hr 1 0 1 9 9

W ater kg / hr 6 1 ,5 2 0 3 7 ,7 4 4 1 2 1 ,3 7 9 1 2 1 ,3 7 9

G lucose (SS) kg / hr 2 1 9 2 1 9 2 2

X ylo se (SS) kg / hr 2 0 3 2 0 3 6 6

A rab inose (SS) kg / hr 1 6 0 1 6 0 5 5

O ther Sug ars (SS) kg / hr 8 2 6 8 2 6 2 4 2 4

C ello b io se (SS) kg / hr 1 0 8 1 0 8 3 3

G lucose O lig o mers (SS) kg / hr 8 5 0 8 5 0 2 5 2 5

X ylo se O lig o mers (SS) kg / hr 2 8 3 2 8 3 8 8

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 ,6 4 9 1 ,0 1 2 1 ,6 5 0 1 ,6 5 0

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr 0 0

O thers (So lub le So lids) kg / hr 1 4 1 4 0 0

A cetic A cid kg / hr 6 4 6 5 6 7 9 1 9 1

Sulfuric A cid kg / hr 8 3 8 3 4 4

F urfural kg / hr 4 9 1 1 3 8 3 8

HM F kg / hr 1 6 4 1 3 1 3

C arb o n D io xid e kg / hr 9 6 ,8 1 4 9 6 ,8 1 4

M ethane kg / hr 1 3 1 3

O xyg en kg / hr 1 7 ,9 5 6 1 7 ,9 5 6

N itro g en kg / hr 3 5 8 ,0 7 9 3 5 8 ,0 7 9

A mmo nia kg / hr 0 0 0 0

N H4 O H kg / hr 3 0 3 0

O thers kg / hr 1 ,5 8 2 1 ,5 2 7 6 3 8 6 3 8

C ellulo se (IS ) kg / hr 3 ,5 5 9 3 ,5 5 9 3 6 3 6 0

X ylan (IS) kg / hr 7 7 8 7 7 8 8 8 0

A rab inan (IS) kg / hr 3 2 3 2 0 0 0

O ther Sug ar Po lymers (IS) kg / hr 1 6 1 1 6 1 2 2 0

C ellulase (IS) kg / hr 3 1 2 3 1 2 5 5 0

B iomass (IS ) kg / hr 1 2 3 1 2 3 5 5 0

Zymo  ( IS ) kg / hr 5 3 1 5 3 1 9 9 0

Lig nin (IS) kg / hr 2 2 ,6 0 7 2 2 ,6 0 7 2 2 7 2 3 0 3

G ypsum (IS) kg / hr 8 8 8 8 0

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le S o lid s) kg / hr 1 ,9 4 6 1 ,9 4 6 8 0 6 8 1 6 1 0

Enthalp y  F low (millions) Kcal/ hr - 3 2 8 .5 - 2 3 3 .1 - 2 .9 - 5 8 1 .3 - 5 7 8 .3

A verag e D ensity g / ml 1 .1 5 8 1 .1 8 6 2 .4 8 0 0 .0 0 5 0 .0 0 1

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q M 8 0 3 A IR 1 7 .4 9 W M 8 0 1 1 4 2 1 .8 3

  W M 8 0 4 1 7 6 .0 0

  

    

  



E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

H- 8 1 1 B F W  Preheater 1 0 SHELL-TUB E S S 3 0 4

M - 8 0 3 F luid ized  B ed  C o mb ustio n R eacto r 1 0 M IS C E LLA N E O U S C S

M - 8 1 1 Turb ine/ G enerato r 1 0 STEAM - T U R B IN E 0

P - 8 1 1 Turb ine C o nd ensate Pump 2 0 C E N T R IF U G A L S S 3 0 4

R9906A.xls

C O M P O N E N T U N ITS 5 3 1 6 0 1 A 6 1 5 6 2 3 8 0 3 8 0 4 8 0 9 A 8 1 2 8 1 2 A 8 1 2 B 8 1 3 A 8 1 3 B 8 1 4 8 1 5 8 1 5 A 8 1 5 C 8 1 6 8 1 6 A 8 2 1 8 2 3 8 4 0 8 6 0

Total  Flow kg / hr 2 4 ,3 7 1 7 3 ,6 6 9 2 ,6 3 2 9 1 8 9 8 ,9 5 7 4 7 1 ,7 0 8 5 9 7 ,9 0 5 2 3 5 ,2 1 3 2 3 5 ,2 1 3 1 8 ,1 6 4 2 4 2 ,5 0 1 2 4 2 ,5 0 1 4 4 ,5 9 6 8 1 ,2 0 0 2 5 ,9 2 1 6 5 ,3 3 2 5 5 ,5 1 0 5 5 ,5 1 0 7 ,2 7 5 1 8 ,1 6 4 0 9 ,8 2 3

Inso lub le So lid s % 4 .8 % 4 0 .8 % 0 .0 % 2 9 .9 % 3 1 .8 % 0 .0 % 0 .2 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 1 9 .1 % 5 .0 % 0 .0 % 0 .0 % 8 .4 % 0 .0 % 0 .3 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 6 3 1 0 1 3 5 2 1 8 6 2 4 1 6 7 5 1 0 2 6 8 2 6 8 1 3 9 1 7 7 2 6 8 1 6 4 1 6 4 1 1 5 4 6 4 6 3 0 9 1 9 0 2 5 1 1 5

Pressure atm 0 .2 1 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 0 .9 7 8 6 .0 6 1 3 .0 0 1 3 .0 0 9 8 .3 1 9 7 .6 3 1 3 .0 0 4 .4 2 4 .4 2 1 .6 8 0 .1 0 4 .2 0 9 6 .2 6 1 2 .3 2 1 .0 0 1 .6 8

V ap o r  F ractio n 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 0 .0 0 0 .0 0 1 .0 0 1 .0 0 1 .0 0 0 .9 7 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .9 7

Ethano l kg / hr 0 1 0 0 1 9

W ater kg / hr 1 4 ,6 2 6 3 7 ,7 4 4 1 1 5 6 4 1 5 3 ,0 1 1 6 ,1 3 2 1 2 1 ,3 7 9 2 3 5 ,2 1 3 2 3 5 ,2 1 3 1 8 ,1 6 4 2 4 2 ,5 0 1 2 4 2 ,5 0 1 4 4 ,5 9 6 8 1 ,2 0 0 2 5 ,9 2 1 6 5 ,3 3 2 5 5 ,5 1 0 5 5 ,5 1 0 7 ,2 7 5 1 8 ,1 6 4 9 ,8 2 3

G luco se (SS) kg / hr 2 1 9 2 1 9 2

X ylo se (SS) kg / hr 3 8 8 2 0 3 5 9 1 6

A rab ino se (SS) kg / hr 3 0 7 1 6 0 4 6 7 5

O ther Sug ars (SS) kg / hr 1 ,5 8 3 8 2 6 2 ,4 0 9 2 4

C ello b iose (SS) kg / hr 2 0 7 1 0 8 3 1 4 3

G luco se O lig o mers (SS) kg / hr 1 ,6 2 8 8 5 0 2 ,4 7 9 2 5

X ylo se O lig o mers (SS) kg / hr 5 4 2 2 8 3 8 2 5 8

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr 1 ,0 1 2 0 0 1 ,0 1 2 1 ,6 5 0

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr 0 0 0

O thers (Soluble Solids) kg / hr 1 1 1 4 2 5 0

A cetic A cid kg / hr 6 5 3 5 6 7 0 0 1 ,2 2 0 9 1

Sulfuric A cid kg / hr 1 5 9 8 3 2 4 2 4

F urfural kg / hr 1 1 1 0 0 1 2 3 8

HM F kg / hr 0 4 0 0 4 1 3

C arb o n D io xid e kg / hr 1 ,1 3 7 0 0 9 6 ,8 1 4

M ethane kg / hr 1 ,2 9 2 0 0 1 3 0

O xyg en kg / hr 0 0 1 0 7 ,7 3 8 1 7 ,9 5 6

N itro g en kg / hr 0 0 3 5 7 ,8 3 8 3 5 8 ,0 7 9

A mmo nia kg / hr 0 0 0 0 0 0

N H4 O H kg / hr 3 0 0 0 3 0

O thers kg / hr 3 ,0 9 6 1 ,5 2 7 5 7 1 4 ,6 2 4 6 3 8

C ellulose (IS ) kg / hr 5 4 3 ,5 5 9 3 ,6 1 3 3 6

X ylan (IS) kg / hr 1 2 7 7 8 7 9 0 8

A rab inan (IS) kg / hr 0 3 2 3 3 0

O ther Sug ar Polymers (IS) kg / hr 2 1 6 1 1 6 4 2

C ellulase (IS) kg / hr 2 3 4 3 1 2 5 4 6 5

B iomass (IS) kg / hr 9 2 1 2 3 2 7 5 4 8 9 5

Zymo (IS ) kg / hr 3 9 8 5 3 1 9 2 9 9

Lig nin (IS) kg / hr 3 4 6 2 2 ,6 0 7 2 2 ,9 5 3 2 3 0

G ypsum (IS ) kg / hr 0 8 8 8

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lid s) kg / hr 3 0 1 ,9 4 6 1 ,9 7 6 8 1 6

Enthalp y F low (millions) Kcal/ hr - 7 1 .7 - 2 3 3 .1 - 4 .2 - 2 .7 - 3 0 7 .5 - 1 9 .8 - 5 8 1 .3 - 7 0 5 .4 - 7 3 0 .3 - 5 6 .4 - 8 9 0 .9 - 8 8 1 .5 - 1 3 8 .5 - 2 5 5 .9 - 8 1 .7 - 2 0 8 .2 - 2 0 9 .2 - 2 0 9 .2 - 2 5 .3 - 6 5 .8 0 .0 - 3 1 .3

A verag e D ensity g / ml 1 .0 9 4 1 .1 8 6 0 .0 0 1 1 .1 4 8 1 .1 6 3 0 .0 0 1 0 .0 0 5 0 .0 2 6 0 .0 0 6 0 .0 0 6 0 .9 3 2 0 .8 9 6 0 .0 0 6 0 .0 0 2 0 .0 0 2 0 .0 0 1 0 .9 9 0 0 .9 9 0 0 .6 9 3 0 .8 7 6 0 .0 0 1 0 .0 0 1

Heat Stream No. M M  kcal/ hr W ork Stream No. kW

QBOILER 150.67 W C OM B F A N 208.29

QH811 -9.40 W KNET -10941.82

QM 803AIR 17.49 W P811 10.07

QM 811 27.69 W TOTAL -43533.54



Eq. No . Equipment N ame R eq . Spare Equipment Type M at C o nst.

M -820 Ho t Process W ater Softener System 1 0 P A C KA G E 0

P-804 C o nd ensate Pump 2 0 C E N T R IF U G A L SS316

P-824 D eaerato r Feed Pump 2 0 C E N T R IF U G A L SS304

P-826 B F W  Pump 5 0 C E N T R IF U G A L SS316

P-828 B lowdown Pump 2 0 C E N T R IF U G A L C S

T-804 C o nd ensate C o llectio n Tank 1 0 V E R T IC A L-VESSEL A 2 8 5 C

T-824 C o nd ensate Surg e D rum 1 0 HO R IZONTAL-VESSEL SS304

T-826 D eaerato r 1 0 HO R IZONTAL-VESSEL C S ;SS316

T-828 B lowdown Flash Drum 1 0 HO R IZONTAL-VESSEL C S

R9906A.xls

C O M P O N E N T U N ITS 5 9 3 5 9 5 5 9 7 8 1 1 8 1 1 A 8 1 1 B 8 1 2 E 8 1 3 8 1 3 A 8 1 5 A 8 1 6 A 8 2 1 8 2 3

Total F lo w kg / hr 6 ,8 1 4 5 4 ,4 5 9 4 6 7 7 1 ,3 3 1 1 4 5 ,2 4 9 2 1 6 ,5 8 0 0 2 4 2 ,5 0 1 2 4 2 ,5 0 1 2 5 ,9 2 1 5 5 ,5 1 0 7 ,2 7 5 1 8 ,1 6 4

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 1 4 8 1 4 8 1 4 8 2 6 9 9 7 5 1 3 7 1 3 9 1 6 4 4 6 3 0 9 1 9 0

Pressure atm 4 .4 2 4 .4 2 4 .4 2 3 .4 0 1 .7 0 3 .4 0 3 .3 0 3 .3 0 9 8 .3 1 4 .4 2 4 .2 0 9 6 .2 6 1 2 .3 2

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr

W ater kg / hr 6 ,8 1 4 5 4 ,4 5 9 4 6 7 7 1 ,3 3 1 1 4 5 ,2 4 9 2 1 6 ,5 8 0 2 4 2 ,5 0 1 2 4 2 ,5 0 1 2 5 ,9 2 1 5 5 ,5 1 0 7 ,2 7 5 1 8 ,1 6 4

G luco se (SS) kg / hr

X ylose (SS) kg / hr

A rab ino se (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G luco se O lig o mers (SS) kg / hr

X ylose O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr

Sulfuric A cid kg / hr

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr

C ellulose (IS) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS ) kg / hr

Zymo (IS ) kg / hr

Lig nin (IS) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lids) kg / hr

Enthalp y Flow (millions) Kcal/ hr - 2 4 .9 - 1 9 9 .3 - 1 .7 - 2 7 0 .2 - 5 3 9 .7 - 8 0 9 .9 - 8 9 1 .6 - 8 9 0 .9 - 8 1 .7 - 2 0 9 .2 - 2 5 .3 - 6 5 .8

A verag e D ensity g / ml 0 .8 6 5 0 .8 6 5 0 .8 6 5 0 .9 9 7 0 .9 5 9 0 .9 7 5 0 .9 2 8 0 .9 3 2 0 .0 0 2 0 .9 9 0 0 .6 9 3 0 .8 7 6

Heat Stream No. M M  kcal/ hr Work Stream No. kW

W P804 16.52

W P824 13.84

W P826 894.72

  W P828 2.29

  



R9906A.xls

C O M P O N E N T U N ITS 9 4 0 9 4 1 9 4 2 9 4 4 9 4 5 9 4 9 9 5 0 9 5 1

Total F lo w kg / hr 1 3 ,8 4 0 ,7 0 0 1 9 6 ,0 2 4 1 1 ,5 1 6 1 7 ,8 2 0 1 3 ,8 4 0 ,7 0 0 1 6 6 ,6 8 8 4 ,8 7 8 ,8 4 0 4 ,8 7 8 ,8 4 0

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 3 7 2 8 2 8 2 8 2 8 2 8 4 8

Pressure atm 4 .0 8 1 .0 0 1 .0 0 1 .0 0 4 .0 8 0 .0 4 4 .0 8 4 .0 8

V apor Fraction 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 1 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr

W ater kg / hr 1 3 ,8 4 0 ,7 0 0 1 9 6 ,0 2 4 1 1 ,5 1 6 1 7 ,8 2 0 1 3 ,8 4 0 ,7 0 0 1 6 6 ,6 8 8 4 ,8 7 8 ,8 4 0 4 ,8 7 8 ,8 4 0

G luco se (SS) kg / hr

X ylose (SS) kg / hr

A rab ino se (SS) kg / hr

O ther S ug ars (SS) kg / hr

C ello b io se (SS) kg / hr

G luco se O lig o mers (SS) kg / hr

X ylose O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uo r (SS) kg / hr

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr

Sulfuric A cid kg / hr

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr

C ellulose (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther S ug ar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS ) kg / hr

Zymo ( IS ) kg / hr

Lig nin (IS) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le S o lids) kg / hr

Enthalp y  F low (millions) Kcal/ hr - 5 2 2 6 8 .9 - 7 4 1 .9 - 4 3 .6 - 6 7 .4 - 5 2 3 8 5 .2 - 5 3 4 .2 - 1 8 5 7 2 .0 - 1 8 5 5 4 .6

A verag e D ensity g / ml 0 .9 8 2 0 .9 9 1 0 .9 9 1 0 .9 9 1 0 .9 9 1 0 .0 0 0 1 .0 1 4 1 .0 1 0

Heat Stream N o . M M  kcal/ hr W ork Stream No . kW

Q C W C A P 1 1 6 .2 4 W M 9 0 2 7 4 5 .4 9

Q C HW C A P 1 7 .4 3 W M 9 0 4 1 8 6 .4 0

  W M 9 0 8 1 3 4 6 .9 3

  W S 9 0 4 1 2 .0 0

  

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

M - 9 0 2 C o o ling  T o w er System 1 0 IN D U C E D - D R A F T F IB E R G LA S S

M - 9 0 4 Plant A ir C o mpressor 2 1 R E C IP R O C A T IN G C S

M - 9 0 8 C hilled  W ater Packag e 3 0 C E N T R IF U G A L C S

P - 9 0 2 C o o ling  W ater Pump s 1 1 C E N T R IF U G A L C S

S - 9 0 4 Instrument A ir D ryer 1 1 P A C KA G E C S

T - 9 0 4 Plant A ir R eceiver 1 0 HO R IZ O N T A L- V E S S E L C S



Eq. No . Equipment N ame R eq . Spare Equipment Typ e M at C o nst.

P -912 M ake- up  W ater Pump 1 1 CENTRIF U G A L C S

P-914 Process W ater C irculating Pump 2 1 CENTRIF U G A L C S

T-914 Process W ater Tank 1 0 FLAT -BTM -STORAGE C S

R9906A.xls

C O M P O N E N T U N ITS 5 2 4 6 0 4 6 2 4 8 1 1 9 0 4 9 0 5 9 0 6 9 4 1 9 4 3

Total  F low kg / hr 1 3 ,0 4 2 8 3 ,1 6 3 1 7 3 ,1 5 4 7 1 ,3 3 1 1 8 5 ,5 9 3 2 7 4 ,3 7 5 6 3 1 9 6 ,0 2 4 1 0 1 ,2 2 0

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

S o lub le So lid s % 0 .0 % 0 .0 % 0 .1 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temp erature C 1 3 2 0 2 1 2 6 2 6 2 4 2 0 2 8 2 8

Pressure atm 1 .0 0 1 .0 0 1 .0 0 3 .4 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0

V apor  F ractio n 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr 0 0

W ater kg / hr 1 3 ,0 4 2 8 3 ,1 6 3 1 7 2 ,7 5 5 7 1 ,3 3 1 1 8 5 ,5 9 3 2 7 3 ,9 7 6 6 3 1 9 6 ,0 2 4 1 0 1 ,2 2 0

G lucose (SS) kg / hr

X ylo se (SS) kg / hr

A rab inose (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b iose (SS) kg / hr

G lucose O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn S teep  Liq uor  (SS ) kg / hr 7 5 7 5

( N H4 ) 2 S O 4  ( S S ) kg / hr

N H4 A cetate (SS) kg / hr 2 5 2 5

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr 2 2

Sulfuric A cid kg / hr

F urfural kg / hr 4 4

HM F kg / hr 1 1

C arb o n D io xid e kg / hr 0 0

M ethane kg / hr 0 0

O xyg en kg / hr 1 1

N itro g en kg / hr 3 3

A mmo nia kg / hr 5 5

N H4 O H kg / hr 3 2 3 2

O thers kg / hr 2 5 0 2 5 0

C ellulo se (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS ) kg / hr

C ellulase (IS) kg / hr

B iomass (IS) kg / hr

Zymo ( IS ) kg / hr

Lig nin (IS ) kg / hr

G ypsum (IS ) kg / hr

C a(O H)2 ( IS ) kg / hr

O thers (Inso lub le So lids) kg / hr

Enthalp y  F low (millions) Kcal/ hr - 4 9 .5 - 3 1 5 .4 - 6 5 6 .2 - 2 7 0 .2 - 7 0 2 .8 - 1 0 3 9 .4 - 0 .2 - 7 4 1 .9 - 3 8 3 .1

A verag e D ensity g / ml 1 .0 0 5 0 .9 9 8 0 .9 9 7 0 .9 9 7 0 .9 9 3 0 .9 9 5 0 .9 9 8 0 .9 9 1 0 .9 9 1

Heat Stream N o . M M  kcal/ hr W o rk Stream N o . kW

  W P 9 1 2 2 0 .7 3

  W P 9 1 4 6 0 .2 4

    

    

  



C O M P O N E N T U N ITS 9 0 6 9 0 9 9 1 4 9 1 6

Total Flow kg / hr 6 3 6 3 6 3 6 3

Inso lub le So lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Solub le S o lid s % 0 .0 % 0 .0 % 0 .0 % 0 .0 %

Temperature C 2 0 1 2 1 2 0 2 0

Pressure atm 1 .0 0 1 .0 0 1 .0 0 1 .0 0

V ap o r Fraction 0 .0 0 1 .0 0 0 .0 0 0 .0 0

Ethano l kg / hr

W ater kg / hr 6 3 6 3 6 3 6 3

G lucose (SS) kg / hr

X ylo se (SS) kg / hr

A rab inose (SS) kg / hr

O ther Sug ars (SS) kg / hr

C ello b io se (SS) kg / hr

G lucose O lig o mers (SS) kg / hr

X ylo se O lig o mers (SS) kg / hr

O ther O lig o mers (SS) kg / hr

C o rn Steep  Liq uor  (SS) kg / hr

(NH4)2SO4 (SS) kg / hr

N H4 A cetate (SS) kg / hr

O thers (Soluble Solids) kg / hr

A cetic A cid kg / hr

Sulfuric A cid kg / hr

F urfural kg / hr

HM F kg / hr

C arb o n D io xid e kg / hr

M ethane kg / hr

O xyg en kg / hr

N itro g en kg / hr

A mmo nia kg / hr

N H4 O H kg / hr

O thers kg / hr

C ellulo se (IS ) kg / hr

X ylan (IS) kg / hr

A rab inan (IS) kg / hr

O ther Sug ar Polymers (IS) kg / hr

C ellulase (IS) kg / hr

B iomass (IS) kg / hr

Zymo (IS) kg / hr

Lig nin (IS) kg / hr

G yp sum (IS) kg / hr

C a(OH)2 (IS) kg / hr

O thers (Inso lub le So lids) kg / hr

Enthalpy  F low (millio ns) Kcal/ hr - 0 .2 - 0 .2 - 0 .2 - 0 .2

A verag e D ensity g / ml 0 .9 9 8 0 .0 0 1 0 .9 9 8 0 .9 9 8 R9906A.xls

E q . N o . E q uipment N ame R eq . S p are E q uipment Type M at C o nst.

M - 9 1 0 C IP System 1 0 M IS C E LLA N E O U S C S

Heat Stream N o . M M  kcal/ hr W ork Stream N o . kW

Q H9 1 0 - 0 .0 4

  

  

  

  


